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Fig. S1 Visual rendition of the amyloid structure and conversion of disordered structure to amyloid. (a) Ensemble
structure of a-Syn (PDB ID: PED00024e001), solution structure of AB42 protein (PDB ID: 6SZF), crystal structure of
TTR (PDB ID: 1DVQ) and structure of cMyb:KIX complex; the backbone of KIX complex and cMyb protein has been
shown in green and red colour (PDB ID: 1SB0).1 (b) Cryo-EM structure of amyloid fibril of a-Syn (PDB ID: 6A6B),
AB42 (PDB ID: 5KK3), TTR (PDB ID: 6SDZ), (for cMyb protein final amyloid structure is not available).>7 (c)
Schematics representations of the aggregation dynamics of the natively unstructured protein along the lag and

growth phase.

S1



A proposed set of canonical models for the aggregation process of amyloid-forming protein:
The detailed interaction network for each distinct model has been schematized here. The detailed description of

each interaction node has been explained and summarized in Section-3.
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Fig. S2(a) Detail interaction network of one of the proposed Model variants [Model-1A/Model2A]. The reaction

nodes are similar for both Model-1A and Model-2A having an equal number of reacting species [19] and ThT
bounded complexes [14]. All the variables corresponding to this network are defined in Table S2, all the kinetic
rate constants are defined in Table S3, all the reaction events are explained in Section-3 and the differential
equations corresponding to each variable are shown in Section-4. Here, for Model-1A, X represents the forward
and backward rate constant asn X K; andn X K;. Y represents the forward and backward rate constant as
nl X K. and nl1 X K, including total of 19 rate constants and one scaling constant. Consequently, for Model-2A,
X represents the forward and backward rate constant as K;; and Kj;. Y represents the forward and backward
rate constant as K., and K;;, including total of 21 rate constants and one scaling constant. The pink color symbol

represents the ThT binding with the secondary structure of the protein.
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Fig. S2(b) Detail interaction network of one of the proposed Model variants [Model-1B/Model2B]. The reaction
nodes are similar for both Model-1B and Model-2B having an equal number of reacting species [24] and ThT
bounded complexes [18]. The arrow represents the biochemical reactions. All the variables corresponding to this
network are defined in Table S2, all the kinetic rate constants are defined in Table S3, all the reaction events are
explained in Section-3 and the differential equations corresponding to each variable are shown in Section-4.
Here, for Model-1B, X represents the forward rate constant asn X K; and backward rate constantn X K. Y
represents forward rate constant as nl X K. and backward rate constant as nl1 X K, including total of 19 rate
constants and one scaling constant. Consequently, for Model-2B, X represents the forward rate constant as Kj;
and backward rate constant Kj;. Y represents the forward rate constant as K., and backward rate constant K.
The total number of rate constant involved with the interaction network is 21 including one scaling constant. The

pink color symbol represents ThT binding with the secondary structure of the protein.
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Fig. S2(c) Detail interaction network of one of the proposed Model variants [Model-1C/Model2C]. The reaction
nodes are similar for both Model-1C and Model-2C having an equal number of reacting species [29] and ThT
bounded complexes [22]. The arrow represents the biochemical reactions. All the variables corresponding to this
network are defined in Table S2, all the kinetic rate constants are defined in Table S3, all the reaction events are
explained in Section-3 and the differential equations corresponding to each variable are shown in Section-4.
Here, for Model-1C, X represents the forward rate constant asn X K; and backward rate constantn X K. Y
represents the forward rate constant as nl X K, and backward rate constant as nl X K;. The total number of
rate constant associated with the interaction network is 19 including one scaling constant. Consequently, for
Model-2C, X represents the forward rate constant as K;; and backward rate constant Kj;. Y represents the
forward rate constant as K., and backward rate constant K;;. The total number of rate constant involved with
the interaction network is 21 including one scaling constant. The pink color symbol represents the ThT binding

with the secondary structure of the protein.
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Fig. S2(d) Detail interaction network of one of the proposed Model variants [Model-1D/Model2D]. The reaction

nodes are similar for both Model-1D and Model-2D having an equal number of reacting species [22] and ThT
bounded complexes [17]. The arrow represents the biochemical reactions. All the variables corresponding to this
network are defined in Table S2, all the kinetic rate constants are defined in Table S3, all the reaction events are
explained in Section-3 and the differential equations corresponding to each variable are shown in Section-4.
Here, for Model-1D, X represents the forward rate constant asn X K; and backward rate constantn X K. Y
represents the forward rate constant as nl X K, and backward rate constant as nl X K;. The total number of
rate constant associated with the interaction network is 19 including one scaling constant. Consequently, for
Model-2D, X represents the forward rate constant as K;; and backward rate constant Kj;. Y represents the
forward rate constant as K., and backward rate constant K;;. The total number of rate constant involved with
the interaction network is 21 including one scaling constant. The pink color symbol represents the ThT binding

with the secondary structure of the protein.
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Fig. S2(e) Detail interaction network of one of the proposed Model variants [Model-1E/Model2E]. The reaction
nodes are similar for both Model-1E and Model-2E having an equal number of reacting species [28] and ThT
bounded complexes [22]. The arrow represents the biochemical reactions. All the variables corresponding to this
network are defined in Table S2, all the kinetic rate constants are defined in Table S3, all the reaction events are
explained in Section-3 and the differential equations corresponding to each variable are shown in Section-4.
Here, for Model-1E, X represents the forward rate constant asn X K; and backward rate constant n X K. Y
represents the forward rate constant as nl X K, and backward rate constant as nl X K;. The total number of
rate constant associated with the interaction network is 19 including one scaling constant. Consequently, for
Model-2E, X represents the forward rate constant as K;; and backward rate constant Kj;. Y represents the
forward rate constant as K., and backward rate constant K;;. The total number of rate constant involved with

the interaction network is 21 including one scaling constant. The pink color symbol represents the ThT binding

with the secondary structure of the protein.
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Model-1F/Model-2F
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Fig. S2(f) Detail interaction network of one of the proposed Model variants [Model-1F/Model2F]. The reaction
nodes are similar for both Model-1F and Model-2F having an equal number of reacting species [34] and ThT
bounded complexes [27]. The arrow represents the biochemical reactions. All the variables corresponding to this
network are defined in Table S2, all the kinetic rate constants are defined in Table S3, all the reaction events are
explained in Section-3 and the differential equations corresponding to each variable are shown in Section-4.
Here, for Model-1F, X represents the forward rate constant asn X K; and backward rate constant n X K. Y
represents the forward rate constant as nl X K, and backward rate constant as nl X K;. The total number of
rate constant associated with the interaction network is 19 including one scaling constant. Consequently, for
Model-2F, X represents the forward rate constant as K;; and backward rate constant Kj;. Y represents the
forward rate constant as K., and backward rate constant K;;. The total number of rate constant involved with
the interaction network is 21 including one scaling constant. The pink color symbol represents the ThT binding

with the secondary structure of the protein.

Detail interaction network for ThT binding with the secondary structure of the protein:
Interaction of the ThT molecule with the secondary structure of the protein has been schematized here. The

reaction node has been described in Section-3 [STEP-9 & 10].

Fig. S3 Detail interaction network of ThT with secondary structure of protein. The indices represents as k=1,2,3,4;
n=1,2,3; x=a,b,c,d; I=1,2,3; m=1,2; y=a,b,c,d. All the variable corresponding to this network has been described in

Table S2 and the corresponding parameter has been described in Table S3.
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Classification of the proteins as (Class-1) and (Class-2):

To make an inclusive model so that all type of amyloid forming protein based on their existing kinetic data can be

fitted into our proposed model, we introduced two categories for proteins. The classification of the respective

proteins as (Case-1) and (Case-2) used to establish the proposed general amyloid framework has been signified

based on the available experimental data to study the aggregation kinetics for the respective proteins (Table S1).

Once the protein has been classified in the category of (Case-1) or (Case-), only the interpretation of the

molecular entity and molecular events to describe the aggregation mechanism varies (Table 1), but the core

structure of the model remains similar.

Table S1: Distinguishing the class of the proteins before fitting the kinetic data using our generic modeling

approach.

(Case-1)

(Case-2)

Scientist has often observed the evolution of
the partially folded intermediate while
following the aggregation kinetics for the
proteins under investigation. For such
proteins (e.g. a-Syn), experimental data is
available for Thioflavin-T data of total
aggregates simultaneously measured with
the kinetic data of the intermediates. We
classified this type of protein as Case-1
protein, where both kinds of data are
available to optimize the kinetic parameters.

On the other hand, the partially folded
intermediate has not been identified for
many proteins (e.g. c-Myb) during the
aggregation study.

The experimental data of partially folded
intermediates is available, but the kinetic
data for the intermediate was not
simultaneously measured with the ThT data
of amyloid formation (e.g. AB42 and TTR).
We have categories both of these two kinds
of proteins as Case-2 proteins.

Table S2: Abbreviated name of the species involved in the model

Model variables representing the concentrations of various species are defined below:

Symbol Description

ThT The concentration of Thioflavin T dye

M, Monomer of the non-fibrillar random coil state, which linearly assembled into
long-chain fibril. (For simplicity we defined the monomer as the minimum unit of
the random coil state of natively unstructured protein.®-14 The assumption also
holds good if the monomeric unit is the smallest unit of the natively folded protein
undergoing self-association.’> We defined oligomer as any polymer rather than
monomer that can be any type of structure (primary, secondary or tertiary
structure of the protein).

M, Dimer of the non-fibrillar random coil state produced from the linear combination
of the monomeric unit (M,)

M; Trimer of the non-fibrillar random coil state produced from the linear combination
of the monomeric unit (M) with dimer (M,)

M, Tetramer of the non-fibrillar random coil state produced from the linear
combination of the monomeric unit (M,) with trimer (M3)

M; Pentamer of the non-fibrillar random coil state produced from the linear

combination of the monomeric unit (M, ) with tetramer (M,,)
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AC

A critical assemble of the amyloidogenic protein which on the verge of
transitioning into either partially folded intermediate (Case-1) or lower order

minimal fibrillar unit (Case-2)

I, Basic (minimum) structural unit for lower-order fibril (Case-2) or basic (minimum)
structural unit for partially folded intermediate structure (Case-1)

I, Next higher-order elongation unit after (1)

I Next higher-order elongation unit after (I,)

I, Next higher-order elongation unit after (I3). The association-dissociation
mechanism can continue up to various degrees of elongation unit before
undergoing the next transition. To simplify our model we have assumed that this is
the highest order of the structural degree can be attained for any particular
protein in this state.

L,; Monomer mediated elongation unit for lower order fibrillar structure (Case-2) or

n=1,2,3 and elongation unit for partially folded intermediate structure (Case-1), generated
i=a,b,c,d through the combination of monomeric unit (M,) with (I,,,n = 1,2,3).
L,;ThT,
n=1,23;
i=a,b,c,d
and ThT bounded complex of the corresponding units
I, ThT
k=1,2,3,4

B, Basic (minimum) fibrillar unit of mature fibril

B, Next higher-ordered fibrillar unit after (B,)

B; Next higher-ordered fibril unit after (B;). The fibrillar unit can vary up to any
certain degree; we have assumed that the fibril structure can’t go beyond this
structural degree to maintain simplicity in building our model.

By,
m=1,2 and Fibril unit produced from secondary nucleation process
i=a,b,c,d
B,,;ThT
m=1,2 and
i=a,b,c,d ThT bounded complex of the corresponding fibril units
and
B,ThT
1=1,2,3
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Table S3: Description of all parameters involved in proposed canonical Models

Primary nucleation rate or association rate of random coil (or any
Ky (umol~1t™1) Fitted
other structural) state of protein

K, The dissociation rate of random coil state of protein () Fitted

Conformational transition rate from the final structure of the
Kn random coil state of the protein (M,,x = 3,4,5) to a critical () Fitted

assembled structure or the activated state (AC)

Conformational transition rate from the activated state (AC) to
Kmni the final structure of the oligomeric random coil state of the ™ Fitted

protein (M,, x = 3,4,5)

Feedback rate of the final structure of the random coil state of the
Kac protein (M,,x = 3,4,5) converted to the activated state (AC) (umol~1t™1) Fitted

facilitated by the highest ordered elongation unit (Ik, k= 3,4)

Conversion rate of the critical assembled state (AC) to basic
K, minimum oligomeric partially folded intermediate (Case-1) hH Fitted

unit (I;) or to basic minimal lower-order (Case-2) fibrillar unit ( I;)

K, Conversion rate of the basic minimum oligomeric partially ()] Fitted

folded intermediate (Case-1) unit (I;) to critical assembled state
(AC) or basic minimal lower-order (Case-2) fibrillar unit (I;) to

critical assembled state (AC)

Self-association rate of the different units of (I k = 1,2,3)
K; (umol~'t™1) Fitted
with (I;)

Dissociation rate of the different units of (Ik,k =234 ), which
K| ()] Fitted
formed from the self-association process

n X K; or | Monomer (M;) mediated growth rate of the different unit of

(umol~2t™1) Fitted
Ki1 (k=123 ) and (I,n = 1,2,3;i = a,b,c,d)
Dissociation rate of the different unit of (Ikk = 2,3,4) and
n X Kj or ’
K (Iy,yn =1,2,3;i = a,b, ¢, d), which produced from the monomer ()] Fitted
j1

mediated process

Binding rate of the ThT with all type of unit of (Ik,k = 1,2,3,4-)
K, (umol~2t™1) Fitted
and (I;,n=1,23;i=a,b,c,d)

Dissociation rate of the ThT bounded complex of the
K, corresponding unit of (IThT,k =1,23,4) and (I;ThT,n = @ Fitted
1,23;i=a,b,c,d)

Transition rate of the highest-order intermediate unit (I, k = 3,4)
to basic minimum fibrillar (Case-1) unit (B;) or transition rate of
K. (D) Fitted
the lower-order fibrillar unit (I, k = 3,4) to higher-order fibrillar

(Case-2) unit (B;)
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Transition rate of the basic minimum fibrillar unit (B;) to higher-

order intermediate (Case-1) unit (I, k = 3,4) or transition rate of

K¢ () Fitted
the higher-order fibrillar unit (B;) to lower-order fibrillar (Case-2)
unit (I, k = 3,4)
Association rate of the minimum intermediate unit (I}) with
higher-order fibrillar (Case-1) unit (B;,l = 1,2) or self-assemble
K, (umol~2t™1) Fitted
rate of minimum lower-order fibrillar unit (I;) with higher order
fibrillar (Case-2) unit (B, ! = 1,2)
K4 Dissociation rate of different fibrillar unit (B}, [ = 2,3) @ Fitted
nl x Kc | Association rate or Secondary nucleation rate of the different Fitted
(umol~1t™1)
or Koy fibrillar unit (B;, L = 1,2) and (B, m = 1,2;i = a, b, ¢, d)
Dissociation rate of the different fibrillar units (B, m = 1,2;i =
nl x Kg4 ) . 1 Fitted
a, b, c,d), which produced from secondary nucleation process ()]
or Kq1
Binding rate of the ThT with all different fibrillar unit (B}, =
K, (umol~1t™1) Fitted
1,2,3)
Dissociation rate of the ThT bounded complex of the
Kq corresponding fibrillar unit (B;ThT,l = 1,2,3) and (B,,;ThT, m = @ Fitted
1,2;i=a,b,c)
Scaling factor that converts concentration of all species into the
F (AU/umol) Fitted
intensity
Scaling factor that converts total concentration of species into the
S - Fixed
percentage of species
Piotal The total amount of protein concentration. (umol) Fixed
ThTyq | The total amount of Thioflavin T concentration. (umol) Fixed
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Table S4: Description of all parameters values of the best-fitted model optimized from proposed canonical

models for each corresponding protein

Parameters Lower Upper o-Syn Ap42 Myb TTR
bound bound [Model-1F] | [Model-2C] | [Model-1C] | [Model-1D]
K, 0.0001 10000 4.548 1.39 1.9 1.216
K, 0.0001 10000 0.0838 34.76 0.0056 0.311
K,. 0.0001 10000 75.397 23.73 208.72 2.16
K, 0.0001 10000 1.922 1.088 16.86 21.685
K, 0.0001 10000 343.0 10.7 16.59 1.653
K, 0.0001 10000 1.065 5.92 1.73 353
K, 0.0001 10000 1.88 2.83 31.77 8.954
K, 0.0001 10000 34.09 18.68 22.23 347
K, 0.0001 10000 2.925 7.745 2.034 3.44
K, 0.0001 10000 - 4.59 - -
K; 0.0001 10000 - 0.639 - -
K, 0.0001 10000 0.418 5.16 139.4 1.547
K; 0.0001 10000 0.174 4.25 3.62 0.411
K, 0.0001 10000 172.85 1.02 11.13 10.893
K, 0.0001 10000 79.52 0.833 4.32 0.88
K 0.0001 10000 - 4.59 - -
K 0.0001 10000 - 8.14 - -
K, 0.0001 10000 0.986 12.48 38.105 1.315
K, 0.0001 10000 797.78 7.674 228.26 28.32
K, 0.0001 10000 0.86 1.23 12.24 1.4
K, 0.0001 10000 38.39 35.38 3.87 1.354
n 0.0001 10000 0.56 - 18.27 0.308
nl 0.0001 10000 1.8 - 2.95 1.9
F 0.0001 1 0.0835 0.906 0.911 0.301
S - - 0.33 10 5 1.562
| - - 300 10 20 64
ThT - - 1000 10 25 10

total
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Fig. S4 Calibration of the best-optimized (~3000 fits) model variants with the experimental data set for each
corresponding protein. The green solid lines represent the fitted trajectory and the black dots represents the
experimental data set with error bars, the N indicates the total number of experimental data points. (a) The best-
fitted trajectory (x? = 100.92, AIC = 240.17) of the total ThT bounded aggregates and (b) the time profile of
the % of total partially folded intermediate aggregates, when Model-1F has been mapped simultaneously with
the experimental data for a-Syn protein (300uM).12 Fig (c) represents the simulated ThT bounded profile when
Model-2C has been optimized (x¥? = 19.39, AIC = 92.8) taking protein aggregate data of AB42 protein (10uM).°
(d) The best-fitted (y? = 5.75,AIC = 88.02) simulated time course response of the total ThT bounded
aggregates obtained by performing global fitting of Model-1C with the experimental data points in case of Myb
protein (20uM).8 (e) The best-fitted trajectory (x? = 9.09, AIC = 95.04) of the total ThT bounded aggregates
when Model-1D has been simulated with the experimental data of TTR protein (64M).11 For each case, the best-
fitted trajectory has been obtained by calibrating corresponding model with ~ 3000 fit sequences (For more

details see Section-2).
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Fig. S5 Variance of the estimated parameters for a-Syn protein from fitting variant Model-1F. The boxplot of the

parameter set of 2% best fits from ~3000 fits with median 1.
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Fig. S6 Variance of the estimated parameters for AB42 protein from fitting variant Model-2C. The boxplot of the

parameter set of 2% best fits from ~3000 fits with median 1. .
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Fig. S7 Variance of the estimated parameters for Myb protein from fitting variant Model-1C. The boxplot of the

parameter set of 2% fits from ~3000 fits with median 1.
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Fig. S8 Variance of the estimated parameters for TTR protein from fitting variant Model-1D. The boxplot of the

parameter set of 2% best fits from ~3000 fits with median 1.
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Fig. S9 Numerical analysis of the aggregation dynamics at low initial monomeric protein concentrations in case of

a-Syn protein. (a) Time course simulation of Model-1F at 150uM, 140uM, and 100uM total protein

concentrations in case of a-Syn. Model simulations predict that for 100uM concentration, although the

simulation has been done keeping the scaling factor at its highest value F = 0.99, the amyloid growth profile

does not follow sigmoidal kinetics. (b) Model predicted time profile for random coil state (RC), partially folded

intermediate (I) and B-sheet rich fibril (B) for 100uM total monomer protein concentration. The time profile of

(RC), (Iand (B) indicates that the protein remains mostly in its random coil state throughout the simulation.
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This signifies the fact that a minimum concentration (here 140uM or above) is needed for the protein to drive

the process of amyloidogenesis under the parametric condition provided in Table S4.

300
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Time (h)

Fig. S10 Standard schematics for the estimation of the duration of the intermediate aggregates at any particular
concentration of protein in case of a-Syn. Experimentally, the duration of the lag time (7,,4) and the duration of
the helical intermediate (p;) for a-Syn protein at a particular protein concentration say, 300 uM, have been
quantified by Ghosh et al.12 We have plotted the simulated trajectories of (RC), (I) and (B) from the best-fitted
Model-1F at that protein concentration (300 uM), where (RC), (I) and (B) stands for the total random coil
state, total intermediate and total fibril like aggregate, respectively. It has been observed that the sum of the
experimentally calculated (zp;) and (Tlag) value i.e. (Tyorqr) COrresponds to the time point of the simulated
trajectory of intermediate (1), which is consistent with 89% drop with respect to the maximum level of the
intermediate (I,,,4,)- Now, this observation helps us to set a criterion to find out the duration of intermediate
(Tp) at any given concentration. We can simulate the trajectory for (RC), (I) and (B) at any given
concentration using the best-fitted Model-1F under the given parametric domain (Table S4), where we can easily
find out the (T;p¢q;), Which is 89% drop of (I,,4,) and consequently can calculate the (7p;) by subtracting

the (Tzag )from (Trotal)-
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Fig. S11 The dynamical evolution of the (RC), (I), and (B) is rational with respect to total protein concentration
in case of a-Syn. Model predicted time profiles of (RC) (random coil), (I) (Intermediate) and (B) (fibril) under
different total protein concentrations corresponding to (i) 150 uM, (ii) 200 uM, (iii) 250 uM, (iv) 300 uM, (v)
400 uM, (vi) 500 uM, (vii) 600 uM (viii) 2000 uM and (IX) 2000 uM, respectively. The temporal timing equilibria
between the conversions of (RC) to (I) to (B) not only control the phase transition (lag phase to rapid growth
to saturation phase) but also maintain that how long the system will sustain in each phase. The time scales of the
transformation of the unstructured monomeric unit to mature stable fibril depend totally on this crucial timing
balance. Interestingly, from our observation, it has been found that these proportionate equilibria are totally
concentration-dependent, and the transient evolution of the intermediate plays a very crucial role here. At low
concentration, the intermediate structure assembled slowly at a later time point, which slows down the
aggregation process. With increasing concentration, the (RC) rapidly converts to partially folded intermediate,
which results sharpe decay of the intermediate aggregates and readily transform into B-sheet rich fibril, thereby

enhancing the entire fibrillization mechanism.
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Fig. S12 The variation of (‘L’lag) and (75g) and their correlation at different concentrations in case of AB42
protein. The (Tlag) and the (75, ) have been calculated for different concentrations by keeping the other rate
constant similar as described in (Table S4) for Model-2C. (a) Schematic representation of the variation of (‘L’lag)
as a function of total protein concentration calculated from the model predicted simulated time-courses. The
(‘L’lag) is decreasing with an increment of the initial monomer concentration. (b) The model predicted value of
(750 ) with total protein concentration variation showed similar behavior as observed with (Tzag)- (c) A plot of

(‘L’lag) vs (Tgo) shows a higher degree of linear correlation at any given total protein concentration.
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Fig. S13 The time evolution of the RC, SnFib, and EIFib for various total protein concentrations in case of AB42.
We have plotted the simulated trajectories of RC (random coil structure), SnFib (fibril generated from monomer
dependent process) and EIFib (Fibril generated through self-association mechanism) from the best-fitted Model-
2C using the corresponding parameter set provided in (Table S4), total protein concentrations corresponding to
(i) 8 uM, (ii) 10 uM, (iii) 12 uM, (iv) 22 uM, (v) 50 uM, (vi) 100 uM, respectively. The monomer-mediated fibril

generation process predominantly controls the kinetics at any particular total protein concentration.
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Fig. S14 Seeding effect on the aggregation kinetics of TTR protein. Accelerated kinetics of fibril formation in case
of TTR protein when seeded with fibril (B; = 1.0, B, = 1.0, B; = 1.0) compared to WT protein. The trajectory

was obtained by simulating the best-fitted Model-1D with set of the rate constant described in Table S4.16
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Fig. S15 Inhibition of the aggregation process of A42 protein by the molecular chaperones DNAJB6 and human
BRICHOS domain. Molecular chaperon, a natural inhibitor in living system have been known for several decades
to have a key role to prevent aggregation mechanism, though the inhibition mechanism by these chaperones is
significantly different. (a) The experimentally observed retardation in the AB42 protein aggregation in presence
of the molecular chaperon DNJB6 can be captured by the model simulation via inhibiting the primary
nucleation (Py, associated rate constant, Ky) and monomer mediated fibril growth process (Ps, associated rate
constant, K;;) simultaneously ({Ky = 1.0,K;; = 4.0,[1]},{Kyx = 0.78,K;; = 3.5,[2]},{Kx = 0.1,K;; =
3.0,[3]}) at different extent in comparison to the WT (red solid line). (b) The inhibitory effect of molecular
chaperon BRICHOS over AB42 protein aggregation can be reproduced via model simulation by specifically
inhibiting the secondary nucleation process ({K;; = 3.0,[11}, { K;; = 2.3,[2]}, { K;; = 1.9,[3]}) in comparison to

the WT (red solid line) scenario. All these findings remarkably corroborate with experimental observations.17.18
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Fig. S16 Model predicts ways to alter the aggregation dynamics by perturbing monomer mediated growth

process for AB42 protein. The kinetics of amyloid formation accelerates with increasing the rate Kj, ({K] =

2 X K;(WT), [1]},{1(]- =10 X K;(WT), [2]}), which is the reverse rate of monomer mediated growth process of
lower-order fibril K;. Increasing the K;, enhances the amount of lower ordered fibril, as a result, both the

(150 )and (‘L’lag) is getting reduced.
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Section-2

A global approach to identify a most probable network of amyloidogenesis for different proteins by comparing
an ensemble of model configurations by performing statistical analysis:

Schematic for the Global Fitting Approach

Combination of (" Self-associate rate (K) of Ixand )
Assumed B is multiple configuration varlano.n in elongation By dependent on monomer
in highest <:> of higher order :> mediated growth process of Iy
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— -—s
— Model - B
( Variation in)

8 .

My,x=3,4,5 @ [ ]

(assumed @ . Self-associate rate (P1) of Iy and / \

minimum By independent of monomer

lower order is @ [ ] mediated growth process of I

\ M,) ) and By (P2) -

( Variation in )
Iy x=3,4
(assumed
minimum

lower order

k&is I )

order B; J

. O Model - 1F

- MOdel - 2A
Exp data
s [aModelaE / Model - 2B Exp data
. : Choose the model as

- best model which has

Model - 2F least (2 /AIC) value

J

Fig. S17 Schematics for performing the global fitting procedure to identify the best-fitted model. We have
considered different ensembles of models (Fig. S2(a-f)) and performed statistical operation by using a software
“Potterswheel”,1? with the preferred experimental data set with each comprehensive model separately under
the same simulation condition (Initially, each model has been optimized with ~500 fit sequences) and find out
the model, which has the least X2 value (Table S5-S8). As the model configurations are different along with
various rate constants, comparing only the ¥2 value is not sufficient to figure out the best model. So, we searched
for an advanced criterion for comparing the competing models and find out the corresponding AIC value for all
these variations (Table S5-5S8). Thus, the best-fitted model has been sorted out from a set of probable models for
each corresponding protein. This particular selected model variant has the highest configuration for the fibrillar
unit as Bs, since we have assumed that the protein can have this order of highest degree for mature fibril. Thus
with the help of the global fitting method, comparing and analyzing the x2 and corresponding AIC value (Table S5-
S8), we finally got that Model-1F, Model-2C, Model-1C, and Model-1D is the best-optimized model for a-Syn,
AB42, Myb, and TTR protein respectively.

Another key aspect in the protein aggregation event till now to be questioned whether the fibril elongation
through self-association process and the fibril growth mechanism based on monomer mediated process is
dependent or independent on each other. If these processes depend on each other, then whether there exists
any correlation among these events. Also, we need to understand whether this is a generic property for protein.
These probabilistic hypotheses have not been explored in the literature till now. We tried to enlighten these
issues while searching for an optimum network model of amyloidogenesis. Hence, we tried to shed light on these
aspects by focusing on the reaction fluxes of these different aggregation processes along with the configuration

variation in the models that we considered in (Fig. S2(a-f)). In few instances, we assumed that the monomer
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dependent process (Kl-l/K]-l, Kcl/Kdl) and the self-associated processes (Kl-/Kj, KC/Kd) are totally independent
( (P1,P2) of Table S5-S8) of each other which has been depicted in different models (Model —
2A,2B,2C,2D, 2E, 2F). In other cases, we have approached that the monomer dependent process relies on the
self-associated processes ((n X K) of Table S5-S8). To correlate these two process, we have fixed the rate
constant for the self-associated process (Ki/K]-,KC/Kd) and described the rate constant of the monomer
dependent processes by multiplying with another rate constant (n,n1) with the rate constants of self-
association process(n X Ki/n X K;,nl X K./nl X Kd). This allows the system to chooses the rate constant
(n,n1) such that it will always depend on the (Kl-/Kj,KC/Kd), which has been described in (Model —
1A,1B,1C, 1D, 1E, 1F). Crucially, it turns out that when the two different processes are mutually correlated,
then models for @-Syn, Myb and TTR protein produce least x2 value, whereas the opposite phenomena is

observed for AB42 protein, indicating that this is not a generic property.

Table S5: Probable set of combination of all models and their corresponding statistical perimeter for a-Syn
protein

Reaction rate
variation

Configuration variation

® ® ® 4 1] @
Model-1A VvV ® ® v ® v v ® 185.32  324.56
Model- 1B Vv v » v t v v 3 178.1 32335
Model-1C VvV v v v x v v ® 131.55  270.79
Model-1D v % % v v v (4 % 209.94 349.18
Model-1E (4 v ® v (4 v v ® 141.26 280.5
Model-1F ¢V v v v v v v 3 117.86 257.1
Model-2A V' R 3 ® v ® v ® v 197.35  340.59
Model-2B v v ® v v % v 193.64 336.88
Model-2C V v v v x (%4 ® v 243.94  387.19
Model-2D v % ® v v 4 % (4 226.89 370.13
Model-2E (4 v ® v (4 (%4 ® v 206 349.25
Model-2F v v v v v v ® v 15148 29473
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Table S6: Probable set of combination of all models and their corresponding statistical perimeter for AB42
protein

Reaction rate
variation

Configuration variation

® @ T I @ S
Model-1A VvV ® ® v x v v % 22.25 91.65
Model-1B v v 3 (%4 ® 4 (4 ® 28.23 97.64
Model-1C vV v (4 (%4 % v (%4 % 28.6 98
Model-1D v % x (%4 v 4 (4 % 29.06 98.46
Model-1E v v ® v v v (%4 ® 31.16 100.57
Model-1F ¢V v v v v v v x 25.92 95.33
Model-2A V' R 3 ® v 3 v ® v 23.27 96.67
Model-2B v (4 x v ® v ® 4 26.03 99.44
Model-2C V v v v x v x v 19.39 92.8
Model-2D v % x v v v ® 4 23.97 97.38
Model2E v v t 3 v v 4 t 3 v 26.06 99.47
Model-2F v v v v v v 3 v 19.4 92.8

Table S7: Probable set of combination of all models and their corresponding statistical perimeter for Myb
protein

Reaction rate

Configuration variation

variation
® ® ® 4
Model-1A 4 3 v ® v (4 95.59 177.86
Model-1B v v ® (%4 ® 4 (4 x 26.87 109.1
Model-1C vV (4 v v % v (4 % 5.75 88.02
Model-1D v ® x (%4 v 4 v % 189.79 272.07
Model-1E v v ® v v v v % 160.5 662.75
Model-1F ¢V v v v v v v 3 168.9 251.2
Model-2A v ® ® (%4 ® v ® (4 101.34 187.6
Model-2B v v x (%4 3 v ® 4 28.71 114.98
Model-2C V v v v x v x 4 69.95  156.223
Model-2D v ® x (%4 v v R 4 111.45 197.72
Model-2E (4 ("4 % v v v % ("4 118.46 204.73
Model2F v v v v v v 3 v 122.44  208.72
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Table S8: Probable set of combination of all models and their corresponding statistical perimeter for TTR
protein

Reaction rate

Configuration variation

variation
® ® ® @ i &
Model-1A VvV % 3 (%4 x v v % 10.43 96.38
Model-1B ¢V 4 3 v x v v x 10.3 96.25
Model-1C ¥ v %4 v x (4 4 % 14.1 100.05
Model-1D Vv % x v 4 v v % 9.09 95.04
Model-1IE ¢ v x v v v v 3 16.69  102.64
Model-1F v v (4 v v v v ® 14.24 100.2
Model-2A V' x x v x v x v 10.45 100.4
Model-2B vV 4 x v v x v 13.33  103.28
Model-2C V' 4 v v % 4 x v 15.2 105.15
Model-2D Vv % x v v v x v 9.89 99.8
Model2E v v x v v v x v 11.37  101.32
Model-2F v 4 v v v v x v 13.91 103.9
Section-3

Description of the different microscopic processes involved in the aggregation mechanism
The first step in the protein aggregation processes is the nucleation which mainly occurs in the lag phase, where

natively structured or unstructured protein slowly self-associates to form the nucleus which is the critical unit for
fibril formation.10 This step is slow because it is a thermodynamically unfavorable process. The subsequent step is
the elongation phase, where elongation nuclei readily convert to fibril through monomer addition to the nuclei
or association of the fibril nuclei itself. The third step is the stationary phase where the fibril formation process
almost gets completed. The probable interaction network (Fig. S2(a-f)) has been converted into sets of the
ordinary differential equation using simple mass-action kinetics, which has been described in Section-4. Here, we
have assumed that the filament or fibril size could change by only association or dissociation reaction.
Experimentally, it has been found that most of the intrinsically disordered protein can remain as natively
unfolded structure under various physiological conditions and can slowly get converted into different form of
oligomeric structures upon incubation for longer time. Thus, the total protein concentration can easily be
expressed as the sum of all oligomeric states including monomer. The aggregation mechanism involves multi-
step processes like nucleation, conformational transition, and elongation. The individual steps of the aggregation

mechanism are described below:
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STEP-1: Primary Nucleation Process (P)
The protein in the solution can exist as natively unfolded random coil structure or any other structure. The first

important process in the aggregation is the formation of the nucleus. The monomer of random coil state (M;) (or
initial structure) self-associates to form dimer (M,), which again binds with monomer (M;) to form trimer (M)
and consequently, it can be extended up to pentamer, (Mg). Here, to mention that the protein could attain any
structural degree for forming the nucleus. To keep simple our strategy, we have assumed that the highest degree
of the nucleus can be trimer, tetramer or pentamer for different ensemble models. This mechanism is quite slow

as it is thermodynamically unfavorable process.20

STEP-1: Primary Nucleation Process (Pn)

Reversible association of the primary non-fibrillar My molecule

O+©%CO'{O ot (o) <5 (o J# ()

Ky K,

Q30— O+ TIN5 (i) <> (o )+ (30
+ Q3T K
O

STEP-2: Reversible Rearrangement from M3 /M, /Ms molecule to critical assemble state AC (Sp and S¢)
Until now, we have assumed that the initial self-association of protein occurs without any significant
conformational transition (or change in conformation by individual protein structure is very low). Now, the
corresponding nucleus (M5, M,, Mg) can undergo a reversible structural rearrangement to form a critical state
(AC) as reported for both structured as well as natively unstructured protein undergoing amyloidogenesis.2%.22
We termed this as critical assembled state (AC) as it is essential or obligatory for the amyloid formation. The
formation of critical assembled state (AC) can be further facilitated (Sg) by the highest ordered elongation unit
(maybe (I3) or (1,), depends on probable interaction network). This conformational transition is assumed to be

faster compared to the nucleation process.23

STEP-2: Reversible Rearrangement of the self-assembled random coil structure to a critical assembled state (Sp

and Sg)

I34

Q3o :
v
Q30D .l_.% M,/M,/M ]<—II<<"’:>

S27




STEP-3: Reversible conformational transition from AC to either basic intermediate unit or basic fibrillar unit I,
(Te)
Previous aggregation studies by various proteins and peptides showed that some native structured and
unstructured protein self-associate to form partially folded intermediate before converting to fibrils (Case-1)1224,
whereas some natively unstructured proteins may transition from random coil to B-sheet rich fibril directly (Case-
2)83.11 Our model can be applied for all these kinds of aggregate-prone proteins. Here, to declare that as suitable
and simultaneous experimental data set for ThT binding for fibrillation and along with the kinetics data for
intermediate is not available, so we took only the ThT kinetic data for the overall fibrillation process for Ap42
protein. Thereafter, we categorized this protein as Case-2, though experimentally people have identified the
presence of intermediate aggregates during aggregation of AB42 protein.2>26 We consider that this critical
assembled state (AC), can convert to basic minimal partially folded intermediate unit (;) by conformational
transition, which can be used as seed for the growth of the fibril (Case-1). For other types of protein (Case-2), the
(AC) can transit to form to basic minimal lower-order fibrillar unit I;. Now, the basic units (I,) can grow itself

through lateral association via (I;) following the elongation mechanism.

STEP-3: Reversible conformational transition from AC to either basic intermediate unit or basic fibrillar unit,

(Te)

KS
— Q|| (ac] > 1
: K,

STEP-4: Elongation process of the partially folded intermediate unit (Case-1) or lower ordered fibrillar unit
(Case-2) (E))
The process of elongation can happen via the self-association mechanism. We first assume that the elongation
process initiates when the basic unit (I;) self-associates to produce the dimer (I;), which further binds to
another basic unit (I;) to form the trimer (I3). Finally, the highest order elongation unit (can be (I3) or (I,),
depends on probable interaction network) has been formed. However, we must emphasize the fact that
experimentally it is very difficult to predict up to what extent this kind of self-association of the basic unit will

proceed. In our modeling setup, we assume that the highest structural degree could be up to tetrameric form.
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STEP-4: Elongation process of the partially folded intermediate unit (Case-1) or lower ordered fibrillar unit

(Case-2) (E))

Q+0 Hoo?o <i>1
K; | K
@200 - O+ @39 (o ()

STEP-5: Monomer mediated growth process of the partially folded intermediate unit (Case-1) or lower ordered
fibrillar unit (Case-2) (Ps)
Another possible mechanism for the elongation process is that monomer of random coil state (M;) can bind with

the basic intermediate unit or lower-order fibrillar unit (I;) and start forming the next higher ordered aggregate
units. The process begins with the basic unit (I;) binding with (M;) to produce the corresponding higher unit
(I14)- (Iz) can further associate with (M;) to give (I;;) and can sequentially produce intermediate structure
(I1x) and finally give next higher-order structure (I). Similarly, this process can continue for (I,) and so on
(Ix)- So, the basic unit (I,) has two possible ways by which it can form next higher-order unit (I,,,.,), one via
self-association process and another one is binding with monomer (M;). Here, to mention that how much
monomeric units (M;) will bind with (I,,) that depends on the highest structure of (M,,if x =3, k=

a,b;if x=4,k=a,b,c;if x =5,k =a,b,c,d) to keep the mass balance of the system.

STEP-5: Monomer mediated growth process of the partially folded intermediate unit (Case-1) or lower ordered

fibrillar unit (Case-2) (Ps)

O+OHO-II-O (o, )+ <> (1 )+ (o)

X)

- )
O+ O)—0O+0O Oy ) (1 J<—=( 1 ()

$
@+0- @30 G+ E3<>00: 06

@33~ * - e wek ek ;
O |[oriy M

STEP-6: Reversible conformational transition to basic minimal fibrillar unit (T¢)
We assumed once the highest ordered elongation unit (I5/1,) is formed through self-association process or

monomer mediated elongation process, it could transit into a more ordered stable basic minimum unit of mature

fibril like conformation (B,).
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STEP-6: Reversible conformational transition to basic minimal fibrillar unit (T¢)

K

STEP-7: Elongation process of the fibrillar unit (Eg)
Next, fibril units can laterally associate together and grow in size to form higher-ordered amyloid fibrils. The (B;)
in our model refers to the basic minimum unit of the higher-order fibril. First, this basic fibril unit (B;) can
assemble with the (I;) to form the higher order-fibrillar unit like (B,). The (B,) can further bind with (I;) and
thus can elongate to form higher-ordered thermodynamically most favorable stable fibrillar structure (B3). We
have assumed that (B3) is the highest structural form of fibril that can be achieved through assembling reaction

and every step of this process is reversible.

STEP-7: Elongation process of the fibrillar unit (Eg)

@+ @D+ ||[B)+[ 1 5B+ 1)

I Kd1 K,

Q30

STEP-8: Secondary Nucleation process of the Fibril (Py2)
In principle, the most important thermodynamically favorable and rapid process that happens during stable fibril-
like structure formation is the secondary nucleation process. The secondary nucleation requires the presence of
basic minimal unit of fibril (B;), which can bind to monomer (M, ), and thus fibrils can grow in size. In our model,
we have incorporated this phenomenon as well. We assumed that the monomer of random coil (M;) can
associate with the basic fibril unit (B,) to give rise to an intermediate fibril unit (B;) that can again bind with
the monomer of random coil (M;) to form (B,}) and so on. Again, to keep the mass balance of the system, how
much monomeric units (M;) will bind with (B,,) that depends on the highest structure of (M,,if x =3, k =
a,b;if x=4,k=a,b,c;if x=5,k=a,b,c,d). A similar kind of elongation mechanism is considered to
produce (B,) from (B3) via a range of intermediate fibrillar structures. The secondary nucleation process is

assumed to be very fast and reversible.
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STEP-8: Secondary Nucleation process of the Fibril (Py;)
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STEP-9 & 10: Reversible Complex formation process between Thioflavin T dye molecule (ThT) with the
intermediate unit and fibril unit
There are many biophysical techniques through which many physiological properties like fibril length
measurement, secondary structure identification, kinetic study through ThT measurement can be observed that
help us to understand and analyze the fibrillation process. As in this work, we mainly focus on the kinetic study
and in most cases the sigmoidal kinetic has been followed by Thioflavin T dye (ThT), we have incorporated the
ThT interaction with amyloid or intermediate unit in our model. It is well known that ThT can only bind with the
secondary structure of the protein (intermediate or fibril), but at which point it starts binding with the structures
is not specified. We have considered that ThT can bind reversibly with all the intermediate units and
consequently with fibril units. We further assumed that the binding efficiency of ThT with all the types of
intermediate or lower-order fibrillar units is same, having the same association (K,) and dissociation (Kp) rate
constant. Similarly, all the mature fibrils bind with the ThT with same efficiency, consisting the same association
(Kp) and dissociation (Kq) rate constant though it is different from intermediate or lower-order fibril binding

efficiency.

STEP-9: Reversible Complex formation process between the intermediate or lower-order fibril and Thioflavin T

dye

T+ O ||[n)#[ o) ]
@"'O‘—’@ [InXJ'I'[ThT]%

STEP-10: Reversible Complex formation process between mature fibril and Thioflavin T dye

C4@- @ || [+ [rur] <> )
C+0- @@ > i

o+
-
=
-
WI
=]
B
]
—
=
-

S31




Section-4
Ordinary Differential equations for different network configurations (Fig. S2(a-f)):
Ordinary differential equations (ODE) describing the interaction network for different ensemble models.
Model-1A/Model-2A
The Model-1A and Model-2A have similar configuration containing an equal number of ODE (31) and algebraic

relations (2). Only some rate constants for some specific interaction node are different for the two models.

ODE for Model-1A

dm. (1)
= (e x MP) = (K x Mp) = (6, x My X M) + (K, % M3))
aM. 2
d—ts = (K X My x My) = (K, X Mg) = (Ky X My) + (K X AC) = (Kqe X My X 1)) @)
dAC
0 = ((Rae X My X 12) + (K X M) = (K X AC) = (K, X AC) + (K, X 1)) 3)
dh _ _ _ 2 _ (4)
o= (s x AC) = (K X ) = 2 X Ky X 13) + (2 X Ky X 1) = (K x Iy X 1) + (K; x I5)
—(nx K xI; X M)+ (n X K; xI;,) — (K. X I X B) + (Kq X B)
= (Ko X Iy X B) + (Kq X B3) — (Ko X Iy X TAT) + (K X L,TAT))
dl
d_tzz ((KL-><112)—(Kjxlz)—(Kixllxlz)+(Kj X I3) — (n X K; X I, X M) )
+(n XK X L)+ x K; X I X My) — (n X K; X I,) — (Kg X I, X ThT)
+ (Ky X I,ThT) )
dl
d_t3= ((Kixll x 1) — (K; x I3) — (K, X I3) + (K; X By) + (n X K; X Ly, X My) (6)
— (n X K; X I;)~(Kq X Iy X TRT) + (K, X IsTAT))
dB
d_tl = ((Ke X I3) — (K X By) — (K. X By X I) + (Kq X B) — (n1 X K, X By X My) )
+ (11 X Ky X B1g)—(K, X By X TRT) + (Ko x B, TAT))
4Bz _ _ _ (8)
= ((KC X By X1I;) — (Kg X By) — (K, X B, X I;) + (Kz X B3) + (n1 X K, X By, X M;)
— (1 X K; X By) —(n1x K, X B, X M,)
+ (11 X Kq X By)—(K, X By X ThT) + (K X B,ThT))
dB
d—; = ((Ke x By X It) = (Kq X By) + (n1 X K, X Byy X My) — (n1 X Kg X B3) ©)
— (Ky X By X TRT) + (K, X BsThT))
dl;, (10)
= = ((nx Ky x Iy x My) = (n X K; X 1) = (n X K X Lig X My) + (n X K; X L)
— (Kq X Iig X TRT) + (K X L1 ThT))
dl
d_i”z ((nxKi XLgx M) —(nxK; xLp)— (XK XL, xM)+(nxK xI) (1)
= (Kq X Iy X TAT) + (Ky X I, ThT) )
dlyq (12)
= = ((n x Ky x I x My) = (X K; X Ipq) = (X K; X Ipq X My) + (X K; X L)
— (Ka X Iy X TRT) + (K, X L TAT))
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dl
d_ztbz ((nxKl-xIZaXMl)—(nijxIZb)—(nxKi X Ly X My) + (n X K; X I3) (13)
— (Kq X Iy X TAT) + (K, X L, ThT))
dBi, (14)
ar = ((nl><KC><31le)—(nldexBla)—(nlxKCme><M1)+(n1><Kd X B1p)
— (K, X Big X THT) + (K X B1oThT))
dBy, (15)
727 = (M1 X K, X Big X My) = (01 X Kg X By) = (1 X K, X By, X My) + (n1 X Kq X By)
— (K, X By X ThT) + (K, X By, ThT))
dB,, (16)
= ((nlxKCsz X M;) — (1 X Ky X Byg) —(n1 X K, X By, X My) + (n1 X Kz X Byp)
— (K, X Byq X TAT) + (Kq X By THT))
dByp (17)
7%= (1 X K, X By x My) = (01 X Kq X Byp) = (R X Ko X By X My) + (n1 X Ky X B)
— (K, X Byy X ThT) + (K X By, ThT))
dl,ThT
1dt = ((Kqa X I X TRT) — (K, X I, ThT)) (18)
dl,ThT
Zd—t = ((Kq X I X ThT) = (K, X I,ThT)) (19)
dl;ThT
3dt = ((Kq X I3 X ThT) — (K, X I;ThT)) (20)
dB, ThT
o = (K, x By x ThT) = (K, x B,ThT)) (1)
dB,ThT
2 = ((K, x B, x TRT) = (I, X B,ThT)) (22)
dB,ThT
= ((K, x By x TRT) = (K, X BsThT)) (23]
dlyThT
t‘iit = ((Kq X Iy X TRT) = (K;, X 14ThT)) (24)
dly, ThT
1Zt = ((Ky X I X TAT) — (K}, X I, ThT)) (25)
dl,uThT
th = ((Kq X Ipq X ThT) — (K}, X I,4ThT)) (26)
dl,, ThT
th = ((Kq X Ly X ThT) — (K, X L, ThT)) 27)
dB,oThT
—5— = (K x Bia X TRT) = (I, X By, THT)) (28]
dB,,ThT
—— = ((#, x By X THT) = (K, X B, THT)) (29)
dB,oThT
20— = (& x Boa X TAT) = (K, X By ThT)) (30)

S33




dB,, ThT

dat <(KP X Bzp X ThT) — (Kq X szThT))

(31)

Algebraic Equations

Pootar = (Mg +2X My +3X M3 +3XAC +3 X1, +3 X L, ThT + 4 X I, + 4 X I;,ThT
+ 5% Ly +5X I TAT + 6 X I, + 6 X L,ThT + 7 X Iyq + 7 X L, ThT
+8X Ip, +8 X I,,ThT +9 X I3 +9 X I;ThT +9 X B; + 9 X B;ThT
+ 10 X By, + 10 X B;,ThT + 11 X By, + 11 X B;,ThT + 12 X B,

+ 12 X B,ThT + 13 X By, + 13 X B,,ThT + 14 X By}, + 14 X B,, ThT
+ 15 X B3 + 15 X B3ThT)

(1)

ThT,otqr = (ThT + LThT + Lo ThT + L, TAT + I,TAT + L, ThT + L, ThT + I;ThT + B, ThT (2)
+ ByoThT + By, ThT + B,ThT + By, ThT + B,, ThT + B5ThT)
Observables
BoundedThT = F x (I, ThT + I;,ThT + I,,ThT + L,ThT + L, ThT + I, ThT + I;ThT (1)
+ ByThT + B,,ThT + B, ThT + B,ThT + B,,ThT + By, ThT + B,ThT)
%of | =SX(BXI +3XLThT +4 X114 +4X1;,ThT +5 X I, + 5 X [, ThT + 6 X I, (2)
+6 X L,ThT +7 X I,, + 7 X [,,ThT + 8 X I,,, + 8 X I,,ThT + 9 X I3
+9 x I,ThT)
ODE for Model-2A
Equations different from Model-1A
dh _ _ XK X P2 X 1)~ (K, - “
m (Ks X AC) — (K x 1) — 2 X K; X IP) + (2% K; x I,) — (K; X I X I,) + (K; x I3)
— (K X Iy X My) + (Kjl X Ila) — (K, X Iy X By) + (K4 X By)
— (Ko X Iy X B) + (Kq X B3) = (Ko X Iy X TAT) + (K, X L,ThT))

dl 5
d—tz= ((KL-><112)—(1<jx12)—(1(i><11><12)+(1(,- X I3) — (Kiy X I X My) )
+ (Kj1 X Lg)+(Kiy X Ly X My) — (Kjy X I,) — (Kq X I X ThT)

+ (Ky X I,ThT) )
dl, (6)
= (G x Iy X 1) = (K X 1) = (Ko X I3) + (Kp X By) + (Kig X Ly X My)

— (Kjy X I3)=(Kq X I3 X ThT) + (K, X I;ThT) )
dB; (7)
= (Ko x 1) = (Ky X By) = (Ke X By X 1) + (Kq X By) = (Kex X By X My)

+ (Kaz X B1a)—(Ky X By X TAT) + (K,  ByThT))
dB, _ (8)
ar ((Kc X By X 1) — (Kg X By) — (Kc X By X I;) + (Kgq X B3) + (K1 X Byp X My)

— (Kg1 X B3) — (K;1 X By X My) + (Kg1 X Bpq)—(Kp, X B, X ThT)

+ (Kq X B,ThT))
dB 9
d—; = ((KC X By X I;) — (Kg X B3) + (Ky X Byp X My) — (Kgq X B3) — (K, X B3 X ThT) ©)

+ (K X BsThT))
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dl 10
28 = (K X Iy X M) = (Kjy % ) = (Kig X Iy X My) + (K X F) = (Ko x By x Thry |40
+ (Ky X 1, ThT))
dl 11
2 = (K X Ty X My) = (K X Fyp) = iy X Iy X M)+ (Kpy X 1) = (g x By x THT) |0
+ (Ky X 1 THT))
dlyq (12)
dr ((Ki1 X Iy X My) — (1(11 X 120.) — (Kig X Iy X My) + (1(11 X 12b) — (Ko X Iyq X ThT)
+ (Ky X IpqThT) )
dl,, (13)
ar ((Km X lpg X M;) — (1<]1 X 12b) — (Kig X I X My) + (K;1 X 13) — (Ko X I, X ThT)
+ (Ky X I, ThT) )
dB 14
d;a = ((Kcl X By X M) — (Kg1 X B1g) — (K¢q X Byg X My) + (Kgq X Byp) (4]
— (K, X Big X THT) + (K X B1oThT))
dB 15
d;b = ((Kcl X Big X M;) — (Kgqq X Byp) — (Keq X Byp X My) + (Kgq X By) (15)
— (K, X By X TT) + (K, X By, ThT))
dB 16
20— (Ko X By X My) = (Kgy X Bag) — (Key X By X My) + (21 X Ky X Byy) el
— (K, X Byq X TAT) + (Kq X By ThT))
dB 17
d:b = ((Kcl X Byg X M;) — (Kgq X Byp) — (K¢q X Byp X My) + (Kgqq X B3) (7]
— (K, X Byy X THT) + (K X By, ThT))

Model-1B/Model-2B
The Model-1B and Model-2B have similar configuration containing an equal number of ODE (40) and algebraic

relations (2). Only some rate constants for some specific interaction node are different for the two models.

ODE for Model-1B

dM.
d_tz = ((Kx x M?) — (K, x M) — (K, x My x M) + (K, x M3)) (1)
dM
d_: = ((KX X My X My) — (K, X M3) — (K X My X M3) + (K, % M4)) @)
dM 3
—r = (X My X My) = (Ky X My) = (K X M) + (K X AC) = (Kae X My X 1)) B)
dAC
0 = ((Rae X My X 12) + (K X M) = (Ko X AC) = (K, X AC) + (K, X 1)) @
Ha_ _ _ 2 _ (5)
o= (s x AC) = (K X ) = 2 X Ky X 13) + (2 X Ky X 1) = (K x Iy X 1) + (K; X I5)
—(nxK; X1y X M)+ (nXK; x I;,) — (K. X I X By) + (Kq X B)
— (K. X Iy X B) + (Kq X B3) — (Ko X Iy X TAT) + (K, X L,ThT))
dl
d—tzz((Kixllz)—(l(jxlz)—(l(ixll><12)+(K1-><I3)—(n><Ki><12><M1) (6)
+ (N X K X L)+ x K; X I, x My) = (n X K; X I,) — (K, X I, X ThT)
+ (Ky X I,ThT))
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dl.
=2 = (K x Iy X Ip) = (K X 3) = (Ko X I5) + (Kp X By) + (X K; X I X My)

()

“ — (n X K; X I;)~(Kq X Iy X TRT) + (K, X IsTAT))

% = ((Ke x 1) = (Ky x By) = (K. X By X 1) + (Kq X B) = (n1 X K. X By X M) (®)
+ (11 X Ky X Byg)—(Ky X By X TRT) + (Ko x B, TAT))

% = (e x By X 1) = (Kq X By) — (K, X By X I}) + (Kq X Bs) + (n1 X K, X By, X My) ©)
—(n1 X K; X By) — (n1 X K, X B, X M;)
+ (11 X Kq X By)—(K, X By X ThT) + (K, X B,ThT))

% = ((Ke x By X It) = (Kq X By) + (n1 X K, X By X My) = (n1 X Kq X By) (10)
— (Ky X By X TRT) + (K, X BsThT))

d;t“ = ((nxKixllle)—(nijxlla)—(nxKi X Iiq X My) + (n X K; X L)) (11)
— (Kq X Iig X TAT) + (K X L1 ThT))

%: (X Ky X 1o x My) = (X K; X 1) = (X Ky X Ly X M) + (n X K; X 1) (12)
— (Kq X Iy X TAT) + (Ky X I, ThT) )

déic = ((nxKixllb x M) — (nx K x ) — (n x K; X I;o X My) + (n x K; x I)) (13)
— (Kq X I X ThT) + (K, X 1 TAT))

dézt“ = ((n><1<i><12 XMy) — (XK X Ig) — (X K; X g X My) + (n X K; X Ip) (14)
= (Kq X Iy X TRT) + (K, X Lo TAT))

%: (00X Ky X Iq X My) = (X K; X L) = (00X K; X Ly X My) + (n X K) X L) (15)
— (Kq X Iy X TAT) + (K, X L, ThT))

d;ic = ((nxKL-XIZb XMy) — (XK x ) — (nXK; X I x My) + (n X K; X I) (16)
— (Kq X I X TRT) + (Ky X 1, TAT))

dg;a = ((nl x K, X By X My) — (n1 X Ky X Byg) — (n1 X K. X By X My) + (n1 X Ky x By) | -7
— (K, X Big X THT) + (K X B1oThT))

dg;” = ((n1 X K, X By X My) = (n1 X Ky X By) — (n1 X K, X Byy X My) + (n1 X Kg X Byc) (18)
— (K, X By X ThT) + (K, X By, ThT))

dgt“ = ((n1 % K, x By x My) = (n1 X Kq X By) = (1 X Ke X Bye X My) + (n1 X Ky X By) (19)
— (K, X Byc X THT) + (K, X By ThT))

ddea = ((nl X K. X By X My) — (n1 X Ky X Byg) — (n1 X K. X Byg X My) + (nl X Kz X Byy) (20)
— (K, X Byq X TAT) + (Ky X By ThT))

dg:b = ((nl X K. X Byy X My) — (n1 X Kz X Byp) — (n1 X K. X By, X M,) (21)

+ (1l X Ky X Byc) — (K, X Byy X THT) + (K, X By, ThT))
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dB
d:” = (01 % K, X By X My) = (n1 X Ky X By) = (n1 X K, X Bae X My) + (nd X Ky X By) (22)
— (K, X Bye X THT) + (Ky X By THT))
dL, ThT
1dt = ((Kq X I X TRT) — (K, X I, ThT)) (23)
dI,ThT
Zdt = ((Kq X I X ThT) — (K, X I,ThT)) (24)
dI;ThT
3dt = ((Kq X I3 X ThT) = (K, X IsThT)) (25)
dB,ThT
= (K, x By x ThT) = (K, x B,ThT)) (26)
dB,ThT
—=— = ((&, x B, x ThT) = (K, x B,ThT)) (27)
dBsThT
== ((K, X By x TT) = (I, X BsThT)) (28)
dL ThT
lleit = ((Kq X L X TRT) — (K;, X I;4ThT)) (29)
dl, ThT
i’;it = ((Kg X I, X TAT) — (K, X I;, ThT)) (30)
dL ThT
1;1: = ((Kqy X Lo X ThT) — (K, X I, ThT)) (1)
dl,qThT
th = ((Kq X Ipq X ThT) — (K}, X I,4ThT)) (32)
dl,, ThT
i’;it = ((Kq X Ly X ThT) — (K, X L, ThT)) (33)
dl,.ThT
chit = ((Kq X Ipe X ThT) — (K, X I, ThT)) (34)
dB1qThT
—5— = (K x Bia X TRT) = (I, X By, THT)) (35)
dB ThT
—°— = ((K, X By X ThT) = (K, X B1,ThT)) (36)
dBy1.ThT
e - (K, X Byc X THT) = (K, X By ThT)) (37)
dB ThT
20— = (& x Boa X TAT) = (K X By THT)) (3]
dB, ThT
25— = (&% x Bay X ThT) = (Kq X BoyThT)) (39)
dBy ThT
e - ((y X Bye X TRT) = (K X BycThT)) (40)
Algebraic Equations
Protar = (My +2X My +3X My +4 XMy +4XAC+4 X1, +4 X L,TRT +5 X I, (1)
+5XL,ThT +6 X 1y + 6 X I;,ThT + 7 X I, + 7 X I, .ThT + 8 X I,
+8XLThT +9 X I, +9 X I,,ThT + 10 X I, + 10 X I, ThT + 11 X I,
+11 X L, ThT + 12 X I + 12 X I,ThT 4+ 12 X B; + 12 X B, ThT
+13 X By, + 13 X By, ThT + 14 X By, + 14 X B;, ThT + 15 X B,
+15 X B, ThT + 16 X B, + 16 X B,ThT + 17 X Byq + 17 X B, ThT
+ 18 X By + 18 X By ThT + 19 X By, + 19 X By TAT + 20 X By
+20 X B;ThT)
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ThT,prq1 = (ThT + LTAT + LigTAT + I, ThT + I, ThT + I,ThT + L, ThT + Lo, ThT + I, ThT
+ I;TRT + B, ThT + B,,ThT + By, ThT + B, ThT + B,ThT + B,,ThT
+ By ThT + By ThT + BsThT)

(2)

Observables

BoundedThT = F x (I,TRT + I,,ThT + I,,ThT + I, ThT + I,ThT + L, ThT + L, ThT
+ L, ThT + I,ThT + B,ThT + By, ThT + By, ThT + By .ThT + B,ThT
+ By TRT + By ThT + B, ThT + B;ThT)

(1)

% of I =(4X1; +4 X LTAT +5X Lig +5 X I;uThT + 6 X I, + 6 X L, ThT + 7 X I, (2)

+7 X L.ThT +8 X1, + 8 X L,ThT + 9 X L4 + 9 X L, ThT + 10 X I,

+10 X Ly, TAT + 11 X I + 11 X I, ThT + 12 X I3 + 12 X I;ThT)

ODE for Model-2B
Equations different from Model-1B

al, 2 (5)
E—((KSxAC)—(Ktxll)—(ZxKi><11)+(2><K}-><12)—(Ki><11><12)+(1(1-><13)

— (K X Iy X My) + (Kjl X Ila) — (K. X Iy X By) + (K4 X By)

— (Ko X Iy X B) + (Kq X B3) = (Ko X Iy X TAT) + (K, X L,ThT))

dl 6
d—t2= ((KL-><112)—(1<jx12)—(1(ix11><12)+(1(,- X I3) — (Kiy X I X My) ()
+ (Kjy X Lg)+(Kiy X I X My) — (Kjy X I) — (Ko X I X ThT)

+ (Ky X I,ThT) )
dl (7)
d—; = (K x Iy x I5) = (K; X 1) = (K X I5) + (Kp X By) + (Kiy X Iy X My)

— (Kjs X I3)=(Kq X Iy X ThT) + (K, X I;ThT) )
dB (8)
= (Ko x 1) = (Ky X By) = (Ke X By X ) + (Kq X By) = (Koo X By X My)

+ (Kaz X B1a)—(Ky X By X TAT) + (K, By ThT))
dB (9)
d_tz = ((Kc X By X I) — (Kg X By) — (Kc X By X 1) + (Kgq X B3) + (K¢q X By X My)

— (Kg1 X B3) — (K;1 X By X My) + (Kg1 X Bpq)—(Kj, X B, X ThT)

+ (Kq X B,ThT))
dB (10)
d—; = ((KC X By X I;) — (Kg X B3) + (K;y X Bye X My) — (Kgq X B3) — (K, X B3 X ThT)

+ (Kq X BsThT))
dl;, (11)

dr ((Ki1 X Iy X M) — (K11 X Ila) — (Kig X I1ig X My) + (Kjl X Ilb) — (Ko X 114 X ThT)

+ (Ky X 1gThT) )
dl,, (12)
d—lt = ((Ki1 X ljg X My) — (Kn X Ilb) — (K X Lip X My) + (Kn X Ilc) — (Ko X L1, X ThT)

+ (Ky X 1THT))
dl (13)
d—ic = ((Kn X Iy X My) — (K11 X Ilc) — (Kig X Iic X My) + (Kn X 12) — (Ko X I;c X ThT)

+ (Ky X 1, THT))
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dl 14
£ (R X Fy X My) = (Kjy X Foa) = (Ko X Lo X M) + (Kpy X ) = (Ko X Fog xTRT) [ 9
+ (Ky X IqThT) )
dl,, (15)
ar ((Kn X Ipg X My) — (Kﬂ X 12b) — (Kig X Ip X My) + (Kn X 12c) — (Ko X I, X ThT)
+ (Ky X I, ThT) )
dl 16
26 = (K X Loy X My) = (Kjy X I) = (Kig X e X My) + (Kpy X 1s) = (K X L x Ty | 119
+ (Ky X 1, THT))
dB 17
d;a = ((Kcl X By X M) — (Kg1 X B1g) — (K¢q X Byg X My) + (Kgq X Byp) (7]
— (K, X Big X THT) + (K X B1oThT))
dB 18
d;b = ((Kcl X Big X M;) — (Kgqq X Byp) — (Keq X Byp X My) + (Kgq X Byc) (18]
— (K, X By X ThT) + (K, X By ThT))
dB 19
dtlc = ((Kcl X By X My) — (K1 X Bio) — (Keq X Bie X My) + (Kgq X By) (19)
— (K, X Byc X THT) + (K, X By ThT))
dB 20
dia = ((Kcl X By X M;) — (Kgqq X Byg) — (Keq X Bag X My) + (Kgq X Byp) (20)
— (K, X Byq X TAT) + (K X By ThT))
dB 21
dth = ((Kcl X Byg X M;) — (Kgqq X Byp) — (Keq X Bop X My) + (Kgq X Byc) (1)
— (K, X By X THT) + (K X By, ThT))
dB 22
d;c = ((Kcl X Byp X My) — (Kgq X Bye) — (Keq X By X My) + (Kgqq X By) (22)
— (K, X Bye X THT) + (Kq X By THT))

Model-1C/Model-2C
The Model-1C and Model-2C have similar configuration containing an equal number of ODE (49) and algebraic

relations (2). Only some rate constants for some specific interaction node are different for the two models.

ODE for Model-1C

dM. 1
= (e x MP) = (K, x Mp) = (6, x My X M) + (K, % M3)) )
daM. 2
d—t3= (K x My x My) = (Ky X My) = (I, X My X M) + (K, X M,)) 2)
aM 3
d—t"= (K x My x My) = (Ky X M) = (I, X My X M) + (K, X Ms)) B)
aM,
d—ts = (Ko x My x M) = (K, X Mg) = Ky X My) + (K X AC) = (Kqe X M5 X 1)) @
d;;tc = ((Kae X My X I3) + (K X M) — (K X AC) — (K; X AC) + (K, X 1)) )
dh _ _ _ 2 _ (6)
o= (s x AC) = (K X ) = 2 X Ky X 13) + (2% Ky X 1) = (K x Iy X 1) + (K; x I5)

—(nxK; X I X M)+ (nXK; xI;,) — (K. X I X By) + (Kq X B)

— (Ke X Iy X B) + (Kq X B3) = (Ko X Iy X TAT) + (K, X ,ThT))
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%z<(KiXIlz)_(KJXIZ)_(KiXhXIZ)-F(K,-><I3)—(n><Ki><12><M1)

()

: + (X Kj X Ig)+(n X K; X Ly X My) = (n X Kj X I,) — (Ko X I X ThT)
+ (K, % IZThT))

%: (Co x Iy X 1) = (K X I5) = (Ko X I5) + (Kp X By) + (0 X K; X Ly X My) (8)
— (n X K; X I;)~(Kq X Iy X TRT) + (K, X IsTAT))

% - <(Ke X I3) = (Kf x By) = (K. X By X Iy) + (Kg X By) — (n1 X K. X By X My) (3)
+ (n1 X Ky X B1g)—(K, X By X TRT) + (K, x B,TAT))

O (Ko X By X 1) = (Ka X B = (Ko X By x 1) + (Kq X B) + (1 x K, x B x ) | O
— (1 X K; X By) —(n1 XK. X B, X M)
+ (11 X Kq X By)—(K, X By X ThT) + (K X B,ThT))

% = <(Kc X By X I) — (Kg X B3) + (n1 X K, X B,y X M;) — (n1 x K; X Bs) (11)
— (Ky X By X TRT) + (K, X B,ThT))

Al =

it =((nxKixllle)—(nijxlm)—(nxKl-><11a><1v11)+(n><1<jx11b)
— (Ky X I,y X TRT) + (K, X IlaThT))

dly, e

T=((nxKi><11aXMl)—(nijxllb)—(nxKixllbxM1)+(nijx11C)
— (Ky X I, X TAT) + (K;, X Iu,ThT))

dl. =

dt :((nxKixllbXMl)—(nijxllc)—(nxKixIleM1)+(nxK}.x1m)
— (K, X I,z X ThT) + (K, X IlCThT))

%=<(nXKiXIchM1)_(nXKjXI1d)_(nXKiXI1dXM1)+(nXKj)(]2) (15)
— (K, X Iyq X TRT) + (K, X IldThT))

d;i“ = ((n x Ky x I x My) = (X K; X Ipq) = (X K; X Ipq X My) + (X K; X L) (16)
= (Kq X Iy X TRT) + (K X Lo TAT))

dlyp =

7=((nxKl-xIZale)—(nijxIZb)—(nxKix12be1)+(nx1(jx126)
— (K, X I, X TRT) + (K, X IZbThT))

d;ic = (0 x Ky X Iy x My) = (n X K X Ie) = (n X K; X e X My) + (1 X K; X L) (18)
— (Kq X e X TRT) + (Ky X 1, TAT))

%=((nxKixlzcle)—(nijxIZd)—(nxKixIZdxM1)+(nXKjx13) (19)
— (Kq X g X TRT) + (K, X LThT))

dg;a - ((n1 x K, X By X My) — (n1 X Ky X Big) — (n1 X K, X By X M) + (n1 x Ky x By) | 2
— (K, X Big X THT) + (K X B1oThT))

dgtlb = ((n1 X K, X By X My) = (n1 X Ky X By) — (n1 X K, X By X My) + (n1 X Kg X Byc) (21)

— (K, X By X ThT) + (K, X By, ThT))
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dB
d;c - ((nl X Kc X B1b X M1) - (nl X Kd X Blc) - (nl X KC X Blc X Ml) + (nl % Kd % Bld) )
— (K, X By X ThT) + (K, X BlcThT))
T (23)
o =((nlchXBleMl)—(nlde><B1d)—(n1><KCxB1d><M1)+(n1><Kd><Bz)
— (Kp X B;g X ThT) + (Kq X B1dThT))
dB
d?a = ((nl X K. X By X M1) - (nl X Ky X BZa) - (Tll X K X By X Ml) + (nl X Kq % BZb) .
— (Kp X Byq X ThT) + (Kq X BZaThT))
dB
dth = ((nl X K. X Byg X My) = (n1 X Ky X Byp,) — (n1 X K. X By, X My) )
+ (n1 X K4 X By.) — (K, X By X ThT) + (K, X BZbThT))
dB;, -
dt = ((nl X Kc X sz X M1) - (Tll X Kd X BZC) - (n1 X Kc X BZC X Ml) + (Tll x Kd X BZd)
— (K, X Byc X ThT) + (K, X BZCThT))
T (27)
24 <(n1chxBZCle)—(nldexBZd)—(nlchxBZd X My) + (nl X K; X B3)
— (K X Byg X ThT) + (Kq X BZdThT))
dI;ThT
1dt = ((Kq % I X ThT) = (K, X I,ThT)) (28)
dI,ThT
Zdt = ((Ka X I X ThT) — (K X IZThT)) -
dI3;ThT
3;it = ((Kq X I3 X ThT) = (K, X IsThT)) >
dB;ThT
:it - <(Kp X By X ThT) — (Kq X BlThT)) -
dB,ThT
T (o)~ o 50 "
dB3;ThT
Zt - <(Kp X By X ThT) — (K, x B3ThT)) -
dl;,ThT
127t = ((Kq X I1q X ThT) = (Kp X I;4ThT)) >
dl,,ThT
127t = ((Kq X Iy X TAT) = (K}, X I, ThT)) -
dl;.ThT
1(C/it = ((Kq X I X ThT) = (K, X 1 ThT)) >
dl4ThT
IZt = ((Ka X I;q X ThT) — (K), X IldThT)) 7
dl,,ThT
Zjit = ((Kq X Izq X ThT) = (Kj X L4 ThT)) -
dl,, ThT
2271: = ((Kq X Ip X ThT) = (K, X Iy ThT)) >
dl,.ThT
chiit = ((Kq X Iyc X ThT) = (K}, X I ThT)) (40)
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dl,q ThT
—or— = ((Ka X Ly X TRT) = (K, X L4ThT)) 1)
dBy4,ThT (42)
—5— = (K x Bia X TRT) = (Iy X By, THT))
dB ThT 43
—-— = ((K, X By X ThT) = (K, X B1,ThT)) 143)
dB ThT a4
=== = (K, X Bye X THT) = (Kq X By ThT) ) (44)
dB ThT
——0— = ((Ky X Bya X TAT) — (Ko X B1ThT) ) (45)
dB ThT
=20 = ((Ky X Byq X TRT) — (Ko X ByoThT)) (46)
dB ThT
—20-— = ((Ky X Bap X TAT) — (Ko X ByyTHT) ) (47)
dB ThT
=2 = (K, % Bze X TAT) — (K, X BcThT)) (48)
dB ThT
—22= = ((Ky X Byq X THT) — (K X ByqThT)) (49)
Algebraic Equations
Piotar = (Mg +2X My, +3 XMz +4 XM, +5X Mg +5XAC+5X1L; +5X L ThT +6 X 1, (1)
+6 XL ,ThT +7 X1, + 7 X I;,ThT + 8 X I;. + 8 X [; ,ThT + 9 X I 4
+9 X LigTAT + 10 X I + 10 X [,TAT + 11 X Lyq + 11 X L, ThT
+12 X I, + 12 X I, ThT + 13 X I, + 13 X I, . ThT + 14 X I,
+ 14 X LgThT + 15 X I + 15 X I;TRT + 15 X B, + 15 X B, TAT
+16 X Byg + 16 X B1gTAT + 17 X By + 17 X By, ThT + 18 X By,
+18 X B ThT + 19 X By + 19 X B1gThT + 20 X B, + 20 X B,ThT
+ 21 X By, + 21 X By,ThT + 22 X By}, + 22 X B,, ThT + 23 X B,,.
+ 23 X By ThT + 24 X Byg + 24 X BygThT + 25 X B + 25 X B;ThT)
ThTyptar = (TRT + LTRT + LigTAT + Ly TRT + [, TAT + ,4ThT + L,TAT + LygThT + L, TAT | (2)
+ L ThT + LgThT + I;ThT + By ThT + By, ThT + By, ThT + By ThT
+ BygThT + ByThT + BygTRT + By, ThT + By ThT + BygThT + BsThT)
Observables
BoundedThT = S x (I,TAT + I;qTAT + I;, ThT + I TAT + I,qTAT + L, ThT + L, ThT (1)
+ Ly TAT + Ly TAT + L,y ThT + IsTAT + B,TRT + B, ThT + By, TAT
+ By ThT + By TAT + B,ThT + By TAT + By, ThT + By ThT + Bog ThT
+ B3ThT)
% of I = (5% 1, +5 X L,TAT + 6 X Lg + 6 X ,aThT + 7 X Ly + 7 X I, ThT + 8 X I, 2)

+8X [ ;ThT +9 X 114 +9 X [[4ThT + 10 X I, + 10 X ,ThT + 11 X I,,
+ 11 X I, ThT + 12 X I, + 12 X I,, ThT + 13 X I, + 13 X I, .ThT
+ 14 X Iy + 14 X I, ThT + 15 X I3 + 15 X I;ThT)

ODE for Model-2C

Equations different from Model-1C
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dl
d—tlz((KSxAC)—(Ktxll)—(ZxKi><112)+(2><K}-><12)—(Ki><11><12)+(1(]-><13) (6)
— (K X Iy X My) + (Kjl X Ila) — (K X Iy X By) + (Kg X I)
— (Ko X Iy X B) + (Kq X B3) = (Ko X Iy X TAT) + (K, X ,ThT))
dl, 2 (7)
E_((KL-><11)—(1<,-><12)—(Ki><11><12)+(1f(,-><13)—(1<L-1><12><1\/11)
+ (Kjy X Lg)+(Kiy X Lg x My) — (Kjy X I,) — (Kg X I X ThT)
+ (Ky X I,ThT))
dls _ _ _ (8)
= (i x Iy X 1) = (K X I5) = (Ko X I3) + (Kp X By) + (Kig X Lpq X My)
— (Kjs X I3)=(Kq X I3 X ThT) + (K X I;ThT) )
dB (9)
= (Ko x 1) = (K X By) = (Ke X By X 1) + (Kq X By) = (Koo X By X My)
+ (Kaz X B1a)—(Ky X By X TAT) + (K, By ThT))
dB
2 = (e X By X 1) = (Ky X B) = (Ko X By X ) + (Ky X B3) + (Key X Byg X M) 1ol
— (Kg1 X B3) — (K;1 X By X My) + (Kg1 X Bpq)—(Kj, X B, X ThT)
+ (Kq X B,ThT))
dB; (11)
— 5 ((KC X By X I;) — (Kg X B3) + (K;y X Byg X My) — (Kgy X B3) — (K, X B3 X ThT)
+ (Kq X B,ThT))
dl 12
28 = (i X Iy X M) = (Kjy X ) = (Kig X Iy X My) + (K X ) = (Ko x By x Thry |2
+ (Ky X 1gThT) )
dlyp (13)
dar ((Ki1 Xljg X M;) — (Kn X Ilb) — (K X Lip X My) + (Kn X Ilc) — (Ko X L1, X ThT)
+ (Ky X 1 THT))
dl (14)
d::c = ((Kn X Iy X My) — (K11 X Ilc) — (Kig X I X My) + (Kn X Ild) — (Ko X I;¢ X ThT)
+ (Ky X 1, THT))
dl (15)
d—ltd = ((Ku X Ije X My) — (Kn X Ild) — (Kig X Iig X My) + (1(]1 X 12) — (Ko X Iig X ThT)
+ (Ky X I4ThT))
dlyq (16)
ar ((Ki1 X I X My) = (Kj1 X Ipq) = (Kiy X Iyq X My) + (Kj1 X Ipp) = (Kq X Ipq X ThT)
+ (Ky X IqThT) )
dl,, (17)
ar ((Km X lpg X M;) — (1<]1 X 12b) — (Kig X Ip X My) + (K;1 X 12c) — (Kg X I, X ThT)
+ (Ky X I, ThT) )
dl (18)
dic = ((Ki1 X Ipp X My) — (Kj1 X 12c) — (Kig X Ie X My) + (Kn X 12d) — (Ko X Iy¢ X ThT)
+ (Ky X 1, THT))
dl (19)
d—ztd = ((Ku X Ipe X My) — (K11 X IZd) — (Kig X g X My) + (K11 X 13) — (Kg X I,q X ThT)

+ (Ky X IqThT))
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dB 20

d;a = ((Kcl X By X M;) — (Kgq X B1g) — (K1 X Big X My) + (Kg1 X Byp) (20)
— (K, X Big X THT) + (K X B1oThT))

dB 21

d;b = ((Kcl X Big X M;) — (Kgqq X Byp) — (Keq X Byp X My) + (Kgq X Byc) (1)
— (K, X By X ThT) + (K, X By, ThT))

dB 22

dtlc = ((Kcl X By X My) — (K1 X Bio) — (Keq X Bie X My) + (Kgqq X Byg) (22)
— (K, X Byc X THT) + (K, X By ThT))

dB 23

dtld = ((Kcl X Bie X My) — (Kgq X B1g) — (Keq X Big X My) + (Kgq X By) (23]
— (K, X Big X TAT) + (K, X B14ThT))

dB 24

dza = ((Kcl X By X My) — (Kg1 X Byg) — (K¢qy X Byg X My) + (Kgq X Byp) (24)
— (K, X Byq X TAT) + (Kq X By THT))

dB 25

d:b = ((Kcl X Byg X M;) — (Kgq X Byp) — (Kq X Byp X M) + (Kgq X Byc) (25)
— (K, X Byy X ThT) + (K X By, ThT))

dB 26

d:C = ((Kcl X Byp X My) — (Kgq X Bye) — (Keq X By X My) + (Kgqq X Byg) (26)
— (K, X Bye X THT) + (Ky X By THT))

dB 27

d;d = ((Km X Bye X My) — (Kgq X Byg) — (Keq X Byg X My) + (Kgqq X B3) (27)
— (K, X Byg X TAT) + (K X B, ThT))

Model-1D/Model-2D
The Model-1D and Model-2D have similar configuration containing an equal number of ODE (37) and algebraic

relations (2). Only some rate constants for some specific interaction node are different for the two models.

ODE for Model-1D

dM.
d_tz = ((Kx x M?) — (K, x M) — (K, x My x M) + (K, x M3)) (1)
aM 2
—p = (X My X My) = (Ky X M3) = (i X M) + Ky X AC) = (Kae X M3 X 1)) @)
dAC 3
0 = ((Kae X My X 1) + (K X M) = (Kyng X AC) = (K X AC) + (K, X 1)) @)
dh _ _ _ 2 _ (4)
o= (s x AC) = (K X ) = 2 X Ky X 13) + (2 X Ky X 1) = (K x Iy X 1) + (K; x I5)

— (K xL xI)+ (K x1,)— (nx K; x I, x My) + (n X K; X I,5)

— (K, xI; xB;) + (K; X By) — (K. X I; X By) + (K; X B3)

— (K X Iy X TAT) + (K, X L,TAT))
A _ 2y _ _ _ (5)
= (G x 12) = (K X 1) = (K x Iy X 1) + (K X I5) = (n X Ky X I X My)

+(n X K X L)+ X K; X I X My) — (n X K; X 1) — (Kg X I, X ThT)

+ (Ky X I,ThT) )
dl
d—;:((Kixllxlz)—(Kj X I3) = (K; X I X I3) + (K; X 1) — (n X K; X Iy X My)

+(n XK X I34) + (M X K; X L, x My) — (n X K; X I3) —(K, X I3 X ThT)

+ (Ky X I;ThT))
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dl
=t = (K x Iy X Ig) = (K X 1) = (Ko X L) + (Kp X By) + (0 X K; X Iy, X My)

()

dt
— (n X K; X 1,)=(Kq X L X TRT) + (K, X I,TAT))
dB 8
d—tlz (e > 1) = (K X By) = (Ke X By X 1) + (Kq X By) = (n1 X K, X By X My) ®)
+ (11 X Ky X B1g)—(Ky X By X TRT) + (Ko x B, TAT))
dB, (9)
e ((chB1 X 1) — (Kg X By) — (K. X By X I;) + (Kg X B3) + (n1 X K. X By;, X M)
— (1 X K; X By) — (n1 X K. X B, X M;)
+ (11 X Kg X By)—(K, X By X ThT) + (K, X B,ThT))
dB
d—; = ((Ke x By X It) = (Kq X By) + (n1 X K X Byy X My) = (n1 X Kg X B3) (10)
— (Ky X By X TRT) + (K, X BsThT))
dl
dlt“ = ((nxKixleMl)—(nxK]-xlm)—(nxKi X Iig X My) + (n X K; X I) (1)
— (Kq X Iig X TAT) + (K X L1 ThT))
dlyp (12)
T:((nxki><11a><Ml)—(n><1<j><11b)—(n><1(i><11b><M1)+(n><1<j><12)
— (Kq X Iy X TAT) + (Ky X I, ThT) )
dl,, (13)
= (0 Ky X I X My) = (1 X K; X Lq) = (0 X K; X Ly X My) + (1 X K; X L)
= (Kq X Iy X TRT) + (K, X L TAT))
dl,, (14)
7:((n><1<i><12a><M1)—(n><1<j><12b)—(n><1<i><12,,><1v11)+(n><1<j><13)
— (Kq X Iy, X TAT) + (Ky X 1, ThT))
dls, (15)
= ((nx Ky X Iy X My) = (1 X K; X Iq) = (0 X K; X Lq X My) + (1 X K; X L)
= (Kq X Iyq X TRT) + (K, X L3 TAT))
dls, (16)
7:((n><1<i><13a><M1)—(n><1<j><13b)—(n><1<i><13,,><1v11)+(n><1<j><14)
— (Kq X I, X TAT) + (K, X I3, ThT))
dB
d;a = ((nl X K, x By X My) — (n1 X Ky X By;) — (n1 X K. X By, X My) + (n1 X Kz X Byp) (17)
— (K, X Big X THT) + (K X B1oThT))
dB
dt“’ = ((n1 X K, X By X My) = (n1 X Ky X Byp) — (n1 X K, X Byp X My) + (n1 X Ky X By) (18)
— (K, X By X ThT) + (K, X By, ThT))
dB
d;“ = ((nl X K, X By x My) — (n1 X Ky X Byg) — (n1 X K, X Byg X My) + (nl X K; X Byy) (19)
— (K, X Byq X TAT) + (Ky X By ThT))
dB
d;b = (01 K, X By X My) = (n1 X Kg X Byp) = (1 X K¢ X By X My) + (nd X Kq X By) (20)
— (K, X By X THT) + (K X By, ThT))
AL, ThT
1dt = ((Ky x I, X ThT) — (K, X L, ThT)) (21)
dl,ThT
Zdt = ((Ky X Iy X ThT) — (K, X [,ThT)) (22)

S45




dI;ThT

(23)
e ((Ky x I3 X TRT) — (K}, X I;ThT))
d1,ThT (24)
T ((Ky x I, X TRT) — (K;, X I,ThT))
dB;ThT (25)
= (K, x By x ThT) = (K, x B,ThT))
dB,ThT (26)
2 = ((K, x B, x TRT) = (I, X B,ThT))
dB;ThT (27)
= ((K, x By x TRT) = (K, X BsThT))
dloThT
t‘iit = ((Kq X I1q X ThT) — (K, X I;4ThT)) (28)
dl,ThT
1?171; = ((Kq X Iy X TAT) — (K, X I;,ThT)) (29)
dl,qThT
Zgit = ((Kq X Iyq X ThT) — (Kj X L ThT)) (30)
dl,, ThT
i’;it = ((Ky X Ly X ThT) — (K}, X L, ThT)) (31)
dlzqThT
% = ((Kq X I3q X ThT) — (K, X I3, ThT)) (32)
dl3, ThT
3271: = ((K X Isp X ThT) — (K}, X I3, ThT)) (33)
dBy4ThT (34)
—5— = (& x Bia X TRT) = (K, X By, THT))
dB ThT 35
—°— = ((K, X By X ThT) = (K, X B1,ThT)) (35)
dB ThT 36
=20 = ((Ky X Byq X THT) — (Kq X ByoThT)) (36)
dB ThT 37
—20"= = ((Ky X Bap X TAT) = (Ko X ByyTHT) ) 37)
Algebraic Equations
Protqr = (My +2X My, +3 X My +3 X AC +3 X I + 3 X LThT + 4 X I 4 + 4 X I,,ThT (1)
+5X Ly +5X L ThT + 6 X I, + 6 X L,TAT + 7 X Ly + 7 X Lo ThT
+8X I, +8X [, ThT +9 X I3 + 9 X ;ThT + 10 X I3, + 10 X I3,ThT
+11 X I3, + 11 X I3, ThT + 12 X I, + 12 X ,ThT + 12 X B;
+12 X ByTAT + 13 X By + 13 X ByuThT + 14 X B, + 14 X By, ThT
+15 X B, + 15 X B,ThT + 16 X By, + 16 X By TAT + 17 X B,,)
+ 17 X By, ThT + 18 X By + 18 X B;ThT)
ThTiorqr = (ThT + L,TRT + LigTAT + L ThT + L, ThT + L ThT + Ly, TAT + IsTAT + I3oThT 2)
+ I3y ThT + I,ThT + B, TAT + B,,ThT + By, ThT + B,ThT + By, ThT
+ By, ThT + B3ThT)
Observables
BoundedThT = F X (I,TRT + I,,ThT + I,,ThT + L,TAT + I,,ThT + L, ThT + I;ThT (1)
+ I3 ThT + I3, ThT + I,ThT + ByThT + B,,ThT + B,,ThT + B,ThT
+ By ThT + By, ThT + B5ThT)
%of | =SX(BXI; +3XLThT +4 X114 +4X1,ThT +5X I, + 5 X [, ThT + 6 X I, (2)

+6 X LThT +7 X I, + 7 X [,,ThT + 8 X I,,, + 8 X I,,ThT + 9 X I3
+ 9 X I3ThT + 10 X I3, + 10 X I3,ThT + 11 X I3}, + 11 X I3, ThT
+ 12 X [, +12 X I,ThT)
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ODE for Model-2D

Equations different from Model-1D
dh _ _ _ 2 _ (4)
o= (s x AC) = (K X ) = 2 X Ky X 13) + (2 X Ky X 1) = (K x Iy X 1) + (K; X I5)
— (K x Iy X I3) + (K; x 1) — (Kjy X I, X My) + (Kjy X L)
— (K, X1y X By) + (K4 X By) — (K, X I; X By) + (K; X B3)
— (K X Iy X TAT) + (K, X L,TAT))
dl 5
d—t2= ((Kl- x 12) = (K;j x I,) = (K; X I X L) + (K; X I3) — (Kiy X I X My) )
+ (Kjy X Lg)+(Kiy X Ly X My) — (Kjy X I,) — (Kq X I, X ThT)
+ (Ky X I,ThT))
dl; (6)
= (G x Iy X 1) = (K X 1) = (K X Iy X 1) + (Kj X 1) = (Kig X I3 X My)
+ (Kj1 X Isq)+(Kiy X Iy x My) — (Kjy X I3) — (Ko X I3 X ThT)
+ (Ky X I;ThT) )
dl 7
d—t“= (G x Iy X I5) = (K X 1) = (Ko X 1) + (Kp X By) + (Kig X Ly X My) (7
— (Kj1 X 1s)=(Kq X Iy X TRT) + (K X I,ThT) )
dB 8
= (Ko x 1) = (Ky X By) = (Ke X By X 1) + (Kq X By) = (Kex X By X My) (®)
+ (Kaz X B1a)—(Ky X By X TAT) + (K, By ThT))
dB
2 = (Ko X By X 1y) = (Ka X Bg) = (Ke X By X Iy) + (Ky X Ba) + (Key X By X M) ©
— (Kg1 X B3) — (K1 X By X My) + (Kg1 X Bpq)—(Kj, X B, X ThT)
+ (Kq X B,ThT))
dBs (10)
T ((KC X By X I;) — (Kg X B3) + (Ky X Byp X My) — (Kgq X B3) — (K, X B3 X ThT)
+ (Kq X BsThT))
dl;, (11)
dt ((Kil X1y X M;) — (K11 X Ila) — (Kig X Lig X My) + (K;1 X Ilb) — (Ko X 11 X ThT)
+ (Ky X IgThT) )
dlyp (12)
ar ((Ki1 X Ijg X My) — (K11 X Ilb) — (Kix X Iip X My) + (K11 X 12) — (Ko X I;, X ThT)
+ (Ky X 1THT))
dlyq (13)
ar ((Kil X Iy X My) — (Kjl X 120.) — (Kig X Iq X My) + (Kjl X 12b) — (Ko X I X ThT)
+ (Ky X IqThT) )
dly, (14)
ar ((Kn X Ipg X My) — (Kj1 X IZb) — (Kig X Ip X My) + (K]1 X 13) — (Ko X I, X ThT)
+ (Ky X I, ThT) )
dl (15)
d?:a = ((Kil X I3 X M;) — (Kjl X Isa) — (Kig X I3 X My) + (Kjl X 13b) — (Ko X I3 X ThT)
+ (Ky X IygThT) )
dls, (16)
ar ((Kn X I3q X M;) — (Kj1 X I3b) — (Kig X I3p X My) + (K]1 X 14) — (Ko X I3, X ThT)
+ (Ky X I3, ThT) )
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dB 17

d;a = ((Km X By X M) — (Kg1 X B1g) — (K¢q X By X My) + (Kgq X Byp) (7]
— (K, X Big X ThT) + (K X By, ThT))

dB 18

d;b = ((Kcl X Big X M;) — (Kgqq X Byp) — (Keq X By X M) + (Kg1 X By) (18]
— (K, X By X ThT) + (K, X By, ThT))

dB 19

22— ((Key X By X My) = (Kay X Bag) = (Key X By X My) + (01 X Ky X Byy) 1)
— (K, X Byq X TAT) + (Ky X By, ThT))

dB 20

dth = ((Kcl X Byg X M;) — (Kqq X Bpp) — (Kq X By X M) + (Kgqq X B3) (20)
— (K, X By X THT) + (K X By, ThT))

Model-1E/Model-2E
The Model-1E and Model-2E have similar configuration containing an equal number of ODE (48) and algebraic

relations (2). Only some rate constants for some specific interaction node are different for the two models.

ODE for Model-1E

% = (K x M) = (Ky X My) — (K X My X My) + (K, X My) ) &
dM 2

d—t3= ((1<,C><1v11 ><M2)—(Ky><M3)—(Kx><M1><M3)+(Ky><M4)) @)

aM, _ <(Kx X My X Ms) = (Ky X My) = (K X M) + (K X AC)> (3)
dt —(Kge X My X 1)

dAC (4)

W = ((Kaf X M4 X 14) + (Km X M4) - (Kmi X AC) - (Ks X AC) + (Kt X 11))

dl
d_tlz((KSxAC)—(Ktxll)—(ZxKi><112)+(2><1<jx12)—(1(ix11><12)+(1(,-><13) )

— (K xL xI)+ (K x1,)—(nx K; x I, x My) + (n X K; X I,,)

— (K. xI; X B;) + (K; X By) — (K. X I; X By) + (K; X B3)

— (K X Iy X TAT) + (K, X LTAT))
dl _ 2y _ _ _ (6)
dt—((Kixll) (K; x 1) = (K; X I X I) + (K; X I;) = (n X K; X I X My)

+ (N X K X L) +(n X K; X I, x My) = (n X K; X I,) — (K, X I, X ThT)

+ (Ky X I,ThT) )

(7)

dl
d—t3=((KixllXIZ)—(Kj><I3)—(Ki><11><I3)+(Kj><14)—(n><1(i><I3><M1)

+ (M XK; X I35) + (n X K; X Iy X My) — (n X K; X I3) — (Kg X I3 X ThT)

+ (Ky X I;ThT))
al, (8)
E_((Kixll><13)—(1<j><14)—(1<e><14)+(1<f><31)+(n><1<i><13C><M1)

— (n X K; X 1,)~(Kq X L X TRT) + (K, X I,TAT))
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(e % 1) = (K X By) = (Ke X By X 1) + (Kq X By) = (n1 X K, X By X My)

()

“ + (11 X Ky X Big)—(K, X By X TRT) + (Ko x B, TAT))

% = (e x By X 1) = (Kq X By) = (K, X By X 1) + (Kq X Bs) + (n1 X K, X By, X M) (10)
— (1 X K; X By) —(n1 XK, X B, XM,)
+ (11 X Kq X By)—(K, X By X ThT) + (K X B,ThT))

% = ((Ke x By X It) = (Kq X By) + (n1 X K, X By X My) = (n1 X Kq X By) (11)
— (Ky X By X TRT) + (K, X BsThT))

délt“ = ((nxKixllle)—(nijxlm)—(nxKl- X Iig X My) + (n X K; X I) (12)
— (Kq X Iig X TAT) + (K X L1 ThT))

%: (X Ky X 1o X My) = (X K; X Iy) = (X Ky X Ly X My) + (n X K; X L) (13)
= (Kq X Iy X TAT) + (Ky X I, ThT) )

dcﬁc = ((nxKixllb XM) —(nxKixI)—mXK XLeXM)+((nxKx1,) (14)
= (Kq X I X TRT) + (Ky X 1, ThT))

déia = ((n><1q><12 X Mp) = (n X Kj X Ipg) — (X K; X Lyg X My) + (n X K; X L) (15)
= (Kq X Iy X TRT) + (K, X L TAT))

%: (00X K; X Iq X My) = (X K; X L) = (X K; X Ly X My) + (n X K) X L) (16)
— (Ka X Iy X TAT) + (Ky X L, ThT))

déztc = ((nxKiXIZb X My) = (n X Kj X I,) — (n X K; X L x My) + (n x K; X I5) (17)
— (Kq X e X TRT) + (Ky X 1, TAT))

d;i“ = ((n><1<i><13 XMy) — (XK X I35) — (M X K; X Izq X My) + (n X K; X L) (18)
— (Ka X Iyq X TRT) + (K, X L3, TAT))

%: (00X Ky X Inq X My) = (X K; X L) = (X K; X Loy X M) + (n X K) X Iy) (19)
— (Kq X Iy X TAT) + (Ky X L3, ThT))

déz'c = ((nxKixlgb XMy) — (XK xI3.) — (n X K; X Iz, x My) + (n X K; X 1) (20)
— (Ka X Iy X THT) + (Ky X I TAT))

dg;a = ((nl X K, x By X My) — (n1 X Ky X By;) — (n1 X K. X By, X My) + (n1 X Kz X Byp) (21)
— (K, X Big X THT) + (K X By4ThT))

dg;” = ((n1 X K, X By X My) = (n1 X Ky X By) — (n1 X K, X Byy X My) + (n1 X Kg X Byc) (22)
— (K, X By X ThT) + (K, X By ThT) )

dgt“ = ((n1 % K, x By x My) = (n1 X Kq X By) = (1 X Ko X Bye X My) + (n1 X Kg X By) (23)
— (K, X Byc X THT) + (K, X By ThT))

ddea = ((nl X K. X By X My) — (n1 X Ky X Byg) — (n1 X K. X Byg X My) + (nl X Kz X Byy) (24)

— (K, X Byq X TAT) + (Kq X By THT))
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dgtzb = ((n1 X K, x By X My) — (n1 X Kg X Byp) — (nd X Ko X By X My) + (nd X Kq X Byc) (25)
— (K, X Byy X THT) + (K X By, ThT))
dB;. —
at :((nlxKCXB’Zb X My) — (n1 X Ky X Bye) — (n1 X K. X By X My) + (n1 X Ky X Bs)
— (K, X Bye X THT) + (Kq X By THT))
dlldihT = ((Kg x I X ThT) — (K, X ,ThT)) (27)
dlzdihT = ((Kg X I X ThT) — (K, X I,ThT)) (28)
dlihT = ((K, % Is X ThT) — (K, X I;ThT)) (29)
dltihT = ((Kq X I X TAT) — (K, X I,ThT)) (30)
dBihT = (K, x By X TAT) — (K, X B,TAT)) (31)
dBihT = (K, x By X THT) — (K, X B,ThT)) (32)
dBihT = (K, x By X ThT) — (K, x B;ThT)) (33)
% = ((Ky X Ly X TRT) = (K, X 1, ThT)) (34)
% = ((Kq X Ip X ThT) — (Kj X I;,ThT)) (35)
dIl;ZhT = ((Kq X I;c X ThT) = (K, X I ThT)) (36)
dIZZZhT = ((Kq X Lq X ThT) = (Kp X 1,4 ThT)) (37)
% = ((Kq X Iy X TRT) — (K, X I, ThT)) (38)
dlz;:hT = ((Kq X Ic X ThT) = (Ky X I,:ThT)) (39)
dI3§ZhT = ((Kq X I3 X ThT) — (K, X I3,ThT)) (40)
% = ((Ky X Isp X ThT) — (K,, X I3,ThT)) (41)
dIihT = ((Kq X Is¢ X ThT) — (K, X I3.ThT)) (42)
% = ((Kp X Biq X ThT) — (K4 X BmThT)) (43)
dBlgitThT = ((Kp By X TRT) = (Kq X By, ThT)) (44)
% = ((Kp X By X ThT) — (K, x BlCThT)) (45)
% = ((Ky X Baq X THT) = (K, X By ThT)) (46)
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+ (Kaz X B1a)—(Ky X By X TAT) + (K, By ThT))

dB,p ThT (47)
25— = (&% x Bay X ThT) = (Kq X BoyThT))
dB, ThT (48)
——= ((K, X Boc X TAT) = (K B, ThT))
Algebraic Equations
Potar = (My +2X M, +3X My +4 XM, +4xXAC+4x1; +4x L, ThT + 5% I, (1)
+5XL,ThT +6 X1, + 6 X I;, ThT + 7 X I, + 7 X I, . ThT + 8 X I,
+8XL,ThT +9 X I,;, +9 X I,,ThT + 10 X I,;, + 10 X I,, ThT + 11 X I,
+ 11 X IeThT + 12 X I3 + 12 X I,TAT + 13 X I35 + 13 X I3, ThT + 14 X I3,
+ 14 X I3, ThT + 15 X I3, + 15 X I3, ThT + 16 x I, + 16 x [,ThT + 16 X B;
+16 X ByThT + 17 X By4 + 17 X B;,ThT + 18 x B}, + 18 X B, ThT
+19 X By + 19 X By, ThT + 20 x B, + 20 X B,ThT + 21 X B,,
+ 21 X BpgThT + 22 X By, + 22 X By, ThT + 23 X By, + 23 X B, .ThT
+ 24 X B; + 24 X B;ThT)
ThTiotqr = (ThT + L TAT + 1,,ThT + L, ThT + I, .ThT + L,ThT + I,,ThT + I,, ThT + I, . ThT (2)
+ I;TAT + I3, ThT + L3, ThT + I3, ThT + I,ThT + B, ThT + B;,ThT
+ BypThT + By ThT + B,ThT + By, ThT + By, ThT + B, ThT + B3ThT)
Observables
BoundedThT = F x (I,ThT + I,,ThT + 1,, ThT + I, ThT + I,ThT + L,,ThT + L, ThT + L,,ThT | (1)
+ I,TAT + I3, ThT + L3, ThT + I3, ThT + I,ThT + B,ThT + B;,ThT
+ B1pThT + B, ThT + B,ThT + By, ThT + B,, ThT + B, ThT + B3ThT)
%of | =SX(@A4XI+4XLThT +5%X 11, +5 X [,,ThT + 6 X I, + 6 X I;, ThT + 7 X I;, (2)
+ 7 XI;,;ThT + 8 X I, + 8 X L,TAT + 9 X I,q + 9 X L, ThT + 10 X L),
+ 10 X I, ThT + 11 X I, + 11 X I, ,ThT + 12 X I3 + 12 X ;ThT + 13 X I3,
+ 13 X I3, ThT + 14 X I, + 14 X I3, ThT + 15 X I3, + 15 X I; ThT
+ 16 X I, + 16 X I, ThT)
ODE for Model-2E
Equations different from Model-1E
al, 5 (5)
v (Ks X AC) — (Kp x 1) — 2 X K; X IP) + (2% K; x I,) — (K; X I X I,) + (K; x I3)
— (K x Iy X I3) + (K; x 1) — (Kiy X Iy X My) + (Kjy X Lg) — (K, X I; X By)
+ (K4 X By) — (K. X I; X By) + (K4 X B3) — (K, X I; X ThT)
+ (Ky X 1,THT))
dl 6
d—t2= (G % 12) = (K X 1) = (K x Iy X 1) + (K % 1) = (Kig X I X My) (6)
+ (Kjy X Lg)+(Kiy X L. x My) — (Kjy X I) — (Ko X I X ThT)
+ (Ky X I,ThT) )
dl, (7)
yri ((KL-><11 X 1) — (K; x I3) — (K; X Iy X I3) + (K; X 1) — (Kiy X Is X My) + (Kjy X Is4)
+ (Kip X Ipe X My) — (Kjy X I3) — (Kg X I3 X ThT) + (K}, X I3ThT))
dl, (8)
= (G x Iy X I3) = (K X 1) = (Ko X L) + (Kp X By) + (Kig X ac X My)
— (Kjs X 14)=(Kq X I X TRT) + (K, X I,ThT))
dB; (9)
= (Ko x 1) = (Ky X By) = (Ke X By X 1) + (Kq X By) = (Kex X By X My)
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dB
2 = (e X By X 1) = (Ky X By) = (Ko X By X ) + (Ky X By) + (Key X By X My) tol
— (Kq1 X B3) — (K1 X By X My) + (Kg1 X Bpq)—(Kj, X B, X ThT)
+ (Kq X B,ThT))
dB
d_; = ((KC X By X I;) — (Kg X B3) + (K;y X Bye X My) — (Kgq X B3) — (K, X B3 X ThT) (1)
+ (Kq X B,ThT))
dlig (12)
ar ((Kil X1y X M;) — (K11 X Ila) — (Kig X Lig X My) + (K;1 X Ilb) — (Ko X 11 X ThT)
+ (Ky X g ThT) )
dlyy (13)
ar ((Ki1 X ljg X My) — (K11 X Ilb) — (K X Iy X My) + (K11 X Ilc) — (Ko X 11, X ThT)
+ (Ky X 1THT))
dly. (14)
dr ((Kil X Iy X M;) — (K]I X Ilc) — (Kig X Iie X My) + (K11 X 12) — (Ko X I X ThT)
+ (Ky X 1, THT))
dlye (15)
ar ((Ki1 X Iy X My) — (1(11 X 120.) — (Kig X Iy X My) + (1(11 X 12b) — (Ko X Iyq X ThT)
+ (Ky X IqThT) )
dl,, (16)
ar ((Km X lpg X M;) — (1<]1 X 12b) — (Kig X I X My) + (K;1 X 12c) — (Kg X I, X ThT)
+ (Ky X 1, ThT) )
dl 17
2 = (K X T X My) = (K3 X o) = (Kig X Iy X M) + (Kjy X 15) = (K X Iy X TRT) W
+ (Ky X 1, TRT))
dl 18
30 (K I X My) = (K3 X ) = (Kiy X Faq X My) + (Kjy X ) = (Ko X s X THT) uel
+ (Ky X I, ThT) )
dl 19
3 (K X T X My) = (K X Tap) = (K X Loy X My) + (K X Foe) = (Ky < Ly xThT) |19
+ (Ky X I3, ThT) )
dl 20
3 = (K X T X My) = (K3 X o) = (Kig X I X My) + (Kjy X 1) = (K X Iy X TRT) 0
+ (Ky X I THT))
dB1g (21)
dr ((Kcl X By X M;) — (Kgq X B1g) — (K1 X Byg X My) + (Kg1 X Byp) — (K X Byg X ThT)
+ (Ky X By, ThT))
dB (22)
d;b = ((Kcl X Big X M;) — (Kgqq X Byp) — (Keq X Byp X My) + (Kgq X Byc)
— (K, X By X ThT) + (K, X By, ThT))
dB (23)
dtlc = ((Kcl X Bip X My) — (Kgq X B1c) — (Kgy X Bye X My) + (Kgq X By) — (K X By X ThT)
+ (Kq X By THT))
dB (24)
dia = ((Kcl X By X M;) — (Kgq X Byg) — (Kcq X Bag X My) + (Kgq X Byp)
— (K, X Byq X TAT) + (Ky X By THT))
dB (25)
d;b = ((Kcl X Byg X M;) — (Kgqq X Bpp) — (Kcq X Bop X My) + (Kgq X Byc)

— (Ky X By X THT) + (K X By, ThT))
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dt

(26)

= ((Kcl X Byp X My) — (Kg1 X Bye) — (Keq X By X My) + (Kgq X B3) — (K}, X By X ThT)
+ (Kq X By THT))

Model-1F/Model-2F
The Model-1F and Model-2F have similar configuration containing an equal number of ODE (59) and algebraic

relations (2). Only some rate constants for some specific interaction node are different for the two models.

ODE for Model-1F

dM.
d_tz = ((Kx x M?) — (K, x M) — (K, x My x M) + (K, x M3)) (1)
aM
d_: = ((KX X My X My) — (K, X M3) — (K X My X M3) + (K, x M4)) @)
aM, 3
== (K x My x My) = (Ky X M) = (I, X My X M) + (K, X Ms)) B)
am 4
d—ts = (Ko X My x M) = (K, X Mg) = Ky X My) + (K X AC) = (Kqe X M5 X 1)) @
dAC
0 = ((Rae X Mg X 1) + (K X M) = (K X AC) = (K, X AC) + (K, X 1)) )
%—((1{ XAC) = (K x1L) — @ xK; xID) + (2x K; x I,) — (K; X I x I,) + (K; X I5) (6)
dr s t X1y i X A j X I i XAy XAy j X I3
— (K xL xI)+ (K x1,)— (nx K; x I, x My) + (n X K; X I,5)
— (K, x1I; xB;)+ (K; X By) — (K. X I; X By) + (K; X B3)
— (Kq X Iy X TAT) + (K, X ,TAT))
dl
d_tzz ((KL-><112)—(Kjxlz)—(Kixllxlz)+(Kj X I3) — (n X K; X I, X M) )
+ (N XK X L)+ X K; X Iy X My) — (n X K; x I,) — (Kg X I, X ThT)
+ (Ky X I,ThT) )
dl
d_;: ((KL.><11 X L) — (K xI3) — (K; x I, x I3) + (K; x I,) — (n X K; X I3 X M) ®)
+ (N XK XI3) + (M X K; X Lg X My) — (n X K; X I3) — (Kg X I3 X ThT)
+ (Ky X I;ThT))
aly _ _ _ 9)
= (i x Iy X I5) = (K X 1) = (Ko X L) + (Kp X By) + (0 X K; X Ly X My)
— (n X K; X 1,)~(Kq X L X TRT) + (K, X I,TAT))
dB
d_tl = ((Ke x 1) — (Kp X By) — (K. X By X I) + (Kq X B) — (n1 X K. X B X My) (10)
+ (11 X Ky X Byg)—(Ky X By X TRT) + (Ko x B, TAT))
dB
2 = (Ko % By X 1) = (Ka X By) = (Ko X By X 1) + (K X Ba) + (n1 X K X By X My) (11)
— (1 X K; X By) — (n1 X K, X B, X M;)
+ (11 X Kg X By)—(K, X By X ThT) + (K, X B,ThT))
dB
d—; = ((Ke x By X ) = (Kq X By) + (n1 X K, X By X My) — (n1 X Kg X B3) (12)
— (Ky X By X TRT) + (K, X BsThT))
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dL (13)
= ((ux K X Iy x My) = (X Ky X Ig) = (X Ky X I X My) + (n X K; X )
— (Kq X iy X TAT) + (K, X LiThT))
dlyp (14)
T:((nxki><11a><1\41)—(n><1<j><11b)—(n><1(i><11b><M1)+(n><1<j><11c)
= (Kq X Iy X TAT) + (Ky X I, ThT) )
d11c=<(n><K-><I XM)—(nxKjxL)—(mxK Xl xM)+(nxK XILg,) (15)
dt i 1b 1 i 1c i 1c 1 i 1d
— (Kq X I X TRT) + (K, X 1 ThT))
dl4 (16)
W:((nx}f{i><116><1\/11)—(n><1r<j><11d)—(n><1r<i><11,1><M1)+(n><1<,-><12)
— (Ka X g X TRT) + (K, X L,4ThT))
dl, (17)
= (0 Ky X I X My) = (1 X K; X Iq) = (0 X K; X L X My) + (1 X K; X L)
= (Kq X Iy X TRT) + (K, X L TAT))
dly, (18)
—r= (0% Ky X Iq X My) = (X K; X L) = (00X K; X Ly X My) + (n X K) X L)
— (Ka X Iy X TAT) + (Ky X L, ThT))
dl, (19)
= (00X Ky X Iy X My) = (X K; X L) = (0 X K; X e X My) + (0 X K; X L)
— (Kq X e X TRT) + (Ky X 1, TAT))
dlzg (20)
F:((nxKi><12€><1v11)—(n><1r<]-><12d)—(n><1(i><12d><M1)+(n><1<j><13)
— (Kq X Iyqg X TRT) + (K, X L ThT))
dl3 (21)
= (0 Ky X Iy X My) = (1 X K; X Iq) = (0 X K; X Lyq X My) + (n X K; X L)
= (Kq X Iyq X TRT) + (K, X L3 TAT))
dls, (22)
—r= (X Ky X Ioq X My) = (X K; X L) = (X K; X Iy X My) + (n X K) X )
— (Kq X I, X TAT) + (K, X I3, ThT))
dls (23)
= (0 Ky X Iy x My) = (X K; X L) = (n X K; X e X My) + (n X K; X L)
— (Kq X Iy X TRT) + (Ky X I TAT))
dlzg (24)
F:((nxKi><13C><1v11)—(n><1r<]-><13d)—(n><1(i><13d><M1)+(n><1<j><14)
— (Kq X Iq X TRT) + (K, X L34 ThT))
dB
d;a = ((nl X K, % By X My) — (n1 X Kz X By;) — (n1 X K. X By, X My) + (n1 X Kz X Byp) (25)
— (K, X Big X THT) + (K X B1oThT))
dB
dt“’ = ((n1 X K, X Big X My) = (n1 X Ky X By) — (n1 X K, X Byy X My) + (n1 X Kg X Byc) (26)
— (K, X By X ThT) + (K, X By ThT))
dB
dt“ = ((n1 % K, X By x My) = (n1 X Ky X By) = (1 X Ko X By X My) + (n1 X Kg X Byg) (27)
— (K, X Byc X THT) + (K, X By ThT))
dB
dtld = ((nl XK. X By X M) —(n1 X Kz X B1g) — (1 XK, X Byg X My) + (n1 X K; X B,) (28)

— (Ky X Big X TAT) + (Kq X B14ThT))
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dB
d;a = ((Tll X Kc X Bz X M1) - (Tll X Kd X Bza) - (nl X Kc X Bza X Ml) + (Tll R Kd X BZb) -
— (K X Byq X ThT) + (Kq X BZaThT))
dB
dzb = ((nl X Ko X Byg X My) = (n1 X Ky X Byp,) — (n1 X K. X By, X My) =0
+ (n1 X K4 X Byc) — (K, X By X TAT) + (Kq X BZbThT))
_— (32)
2 <(n1 X K, X By, X My) — (n1 X Ky X By.) — (n1 X K, X Bye X My) + (nl X Ky X By,)
— (K, X By, X ThT) + (K, X BzCThT))
i (32)
i - (11 X Ko X Bye X My) = (01X Ky X Byg) = (1 X Ko X Byg X My) + (n X Ky X By)
— (K, X Byg X ThT) + (K, X B’szhT))
dIL,ThT
1dl: = ((Ka X 11 X ThT) - (Kb X IlThT)) (33)
dI,ThT
2dt = ((Kq X I; X ThT) — (K, X I, ThT)) >
dI;ThT
3dt = ((Ka X 13 X ThT) - (Kb X ISThT)) (35)
dl,ThT
tit = ((Kq X Iy X ThT) — (K, X I,ThT)) >
dB,ThT
:it - <(Kp X By X ThT) — (Kq % BlThT)) >
dB,ThT
LT Ry ”
dB;ThT
Zt - <(Kp X By X ThT) — (K, x B3ThT)) ”
dl,,ThT
IZt = ((Ka X Ly X TAT) = (Kj, X 14ThT)) (40)
dl,ThT
127t = ((Kq X Iy X TAT) = (K}, X I, ThT)) -
dl,.ThT
1(C/it = ((Kq X I X ThT) = (K, X 1 ThT)) -
dl4ThT
IZt = ((Ka X I;q X ThT) — (K), X IldThT)) )
dl,,ThT
Zjit = ((Ka X Ipq X ThT) — (K}, X I;qThT)) -
dl,, ThT
2271: = ((Kq X Iyp X ThT) = (K, X I, ThT)) -
dl,.ThT
chiit = ((Ka X Ip¢ X ThT) = (K, X IocThT)) (46)
dl,4ThT
ZZt = ((Ka X Ipq X ThT) — (K}, X I;4ThT)) !
dl;,ThT
3;1: = ((Kq X I3q X ThT) = (Kj, X I3,ThT)) -
dl;, ThT
321_“ = ((Ka X I3, X ThT) — (Kj X ISbThT)) (49)
dI;.ThT
3;7t = ((Kq X Ic X ThT) = (K}, X I3.ThT)) -
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dl;q TAT
3?171; = ((Ky X Isq X TRT) — (K}, X I34ThT)) (51)
dB;,ThT (52)
—5— = (& x Bia X TRT) = (Iy X By, THT))
dB ThT
= = ((K, X Bia X ThT) = (Ko X By, ThT)) (53)
dB ThT
=== = (K, X Byc X THT) = (Kq X By ThT) ) (54)
dB ThT
——0— = ((Ky X Bya X TAT) — (Ko X B1ThT) ) (55)
B, TAT 56
20— = (& x Boa X TAT) = (Ky X By ThT)) (56)
dB,, ThT 57
25— = (&% x Bay X ThT) = (Kq  BoyThT)) (57)
B, ThT
——= ((K, X Boe X TAT) = (K B, TT)) (58)
B, ThT
20— = (K x Boa X THT) = (K, X B> THT)) (59)
Algebraic Equations
Piotar = (Mg +2X My, +3 XMz +4 XMy +5X Mg +5XAC+5X1; +5X L ThT +6 X I, (1)
+6 XL ,ThT +7 X1, + 7 X I;,ThT + 8 X I;. + 8 X [, ,ThT + 9 X I 4
+9 X I,gThT + 10 X I + 10 X L,TAT + 11 X I, + 11 X I,qThT
+12 X I, + 12 X I, ThT + 13 X I, + 13 X I, . ThT + 14 X I,
+ 14 X [,gThT + 15 X I + 15 X I;TAT + 16 X I3 + 16 X I ThT
+ 17 X I3, + 17 X I3, ThT + 18 X I3, + 18 X I3, ThT + 19 X I3,
+19 X I3qThT + 20 X By + 20 X B;ThT + 21 X Byq + 21 X By, ThT
+22 X By, + 22 X By, ThT + 23 X By, + 23 X B ThT + 24 X By
+ 24 X BygThT + 25 X B, + 25 X ByTAT + 26 X Byg + 26 X B, ThT
+27 X Byy, + 27 X By TRT + 28 X By + 28 X By TAT + 29 X Byg
+29 X By ThT + 30 X B; + 30 X B5ThT)
ThTyorar = (TRT + LTRT + LigTAT + L, TRT + [, TAT + I,gThT + L,TAT + LygThT + L, TAT | (2)
+ L ThT + LgThT + I;ThT + LsgTRT + I3, ThT + L3, ThT + Ly ThT
+ ByThT + ByoThT + By, ThT + By ThT + BygTAT + B,ThT + By, TAT
+ By TAT + By TRT + B, ThT + ByThT)
Observables
BoundedThT = S X (,ThT + L ThT + I, ThT + Li.ThT + LgThT + L,TRT + L,qThT (1)
+ Ly TAT + Ly TAT + LygThT + IsTAT + I;ThT + L, TRT + I3 ThT
+ LsgThT + B,TRT + By ThT + By, ThT + B, ThT + B,y ThT + B,ThT
+ By ThT + B,, ThT + B, ThT + B,y ThT + BiThT)
% of I = (5% 1, +5 X ,TAT + 6 X Lg + 6 X [, ThT + 7 X Ly + 7 X I;, ThT + 8 X I, 2)

+8X [ ;ThT +9 X 114 +9 X [[4ThT + 10 X I, + 10 X ,ThT + 11 X I,,
+ 11 X I, ThT + 12 X I, + 12 X I,, ThT + 13 X I, + 13 X I, .ThT

+ 14 X I3 + 14 X L,y ThT + 15 X I3 + 15 X I;ThT + 16 X I3,

+ 16 X I3, ThT + 17 X I3, + 17 X I3, ThT + 18 X I3, + 18 X I3, ThT

+ 19 X I35 + 19 X I34ThT)

ODE for Model-2F

Equations different from Model-1F
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dl

d—tlz((KSxAC)—(Ktxll)—(ZxKi><112)+(2><K}-><12)—(Ki><11><12)+(1(]-><13) (6)
— (K X Iy X My) + (Kjl X Ila) — (K. X Iy X By) + (K4 X By)
— (Ko X Iy X B) + (Kq X B3) = (Ko X Iy X TAT) + (K, X ,ThT))

dl 7
d—t2= ((KL-><112)—(1<jx12)—(1(ix11><12)+(1(,- X I3) — (Kiy X I X My) )
+ (Kjy X Lg)+(Kiy X Lg x My) — (Kjy X I,) — (Kg X I X ThT)

+ (Ky X I,ThT) )
dl; _ _ _ (8)
T ((KL- X1y X 1) — (K; X I3) — (K; X Iy X I3) + (K; X 1) — (Kiy X Is X My) + (Kjy X I34)
+ (Kiy X Lg X My) — (Kjy X I3) — (K, X I3 X ThT) + (K, X 13ThT))
dl 9
d—t“= ((Kixl1 X I3) — (K; X 1) — (K, x 1) + (K; X By) + (Kig X Isq X M) ©)
— (Kj1 X 1s)=(Kq X Iy X TRT) + (K X I,ThT) )
dB 10
= (Ko x 1) = (Kp X By) = (Ke X By X 1) + (Kq X By) = (Kex X By X My) (10)
+ (Kaz X Bya)—(Ky X By X TAT) + (K, % By ThT))
dB
2 = (e % By X 1y) = (Ka X By) = (Ko X By X 1) + (K X B) + (Key X Bg X My) B2
— (Ka1 X B) — (Key X By X My) + (Kgy X Byo)—(K) X By X ThT)
+ (Kq X B,ThT))
dB
d_; = ((KC X By X I;) — (Kg X B3) + (K;y X Byg X My) — (Kgy X B3) — (K, X B3 X ThT) (12)
+ (Kq X B,ThT))
dl, (13)
ar ((Kil X1y X M;) — (K11 X Ila) — (Kig X Lig X My) + (K;1 X Ilb) — (Ko X 11 X ThT)
+ (Ky X IgThT) )
dl 14
EI — (Key X o X M) = (K X Fyp) = (K X Iy X My) + (K X D) = (K X Iy xTRT) [ 9
+ (Ky X 1 THT))
dl, (15)
dt ((Kil X Iy X My) — (K]I X Ilc) — (Kig X L1 X My) + (K11 X Ild) — (Ko X Iic X ThT)
+ (Ky X 1 THT))
dl 16
E (R % Fye X M) = (Kyy X Ta) = (i X T X My) + (Kpy X 1) = (K X g x TRy [0
+ (Ky X 14 ThT))
dl 17
S0 (R X Fy X My) = (Kjy X Foa) = (Ko X Lo X M) + (Kpy X ) = (Ko X Fog xTRT) [ 7
+ (Ky X IqThT) )
dl 18
C2  (iy X Faq X My) = (K X L) = (Keg X X M) + (Kiy X Foe) = (Kg X Iy x ThT) [ 1)
+ (Ky X I, ThT) )
dl 19
26 = (K X Loy X My) = (Kpy X I) = (Kig X g X My) + (Kjy X o) = (Ko X loe xThT) | 119

+ (Ky X 1, THT))
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dl 20
S0 (R X Toe X M) = (Kiy X Faa) = (Kig X g X My) + (K X 1) = (Kg X log x TR [ )
+ (Ky X 14 ThT))
dl 21
22 = (K % I X My) = (K X Iaa) = (Keg X g X My) + (Kiy X Fap) = (Ko X g X ThT) |
+ (Ky X IyoThT) )
dls, (22)
ar ((Kn X I3q X M;) — (Kj1 X I3b) — (Kig X I3p X My) + (K]1 X 13c) — (Ko X I3 X ThT)
+ (Ky X I3, ThT) )
dl 23
26 = (K X Lap X My) = (Kjy X ) = (Kiy X g X My) + (Kjy X lag) = (Ko X Foe xThT) |23
+ (Ky X I THT))
dl 24
S0 (R X Fae X My) = (Kiy X Fag) = (Kig X g X My) + (K X 1g) = (Kg X Tag x TR 29
+ (Ky X I54ThT))
dB 25
d;a = ((Km X By X M) — (Kg1 X B1g) — (K¢q X Byg X My) + (Kgq X Byp) (25)
— (K, X Big X THT) + (K X ByoThT))
dB 26
d;b = ((Kcl X Big X M;) — (Kgqq X Byp) — (Keq X By X My) + (Kgq X Bye) (26)
— (K, X By X TRT) + (K, X By, ThT))
dB 27
dtlc = ((Km X Byp X My) — (Kqq X Byo) — (Keq X Bye X My) + (Kg1 X Byg) (27)
— (K, X Byc X THT) + (K, X By ThT))
dB 28
dtld = ((Kcl X Bie X My) — (Kgq X B1g) — (Keq X Big X My) + (Kgq X By) (28]
— (K, X Big X TAT) + (K, X B14ThT))
dB 29
dia = ((Kcl X By X M;) — (Kgqq X Byg) — (K1 X Bag X My) + (Kgq X Byp) (29)
— (K, X Byq X TAT) + (K X By, ThT))
dB 30
d;b = ((Kcl X Byg X M;) — (Kgqq X Bpp) — (Keq X Bop X My) + (Kgq X Byc) (30)
— (K, X Byy X THT) + (K X By, ThT))
dB 31
d;c = ((Km X Byp X My) — (Kgq X Bye) — (Keq X By X My) + (Kgqq X Byg) (31)
— (K, X Bye X THT) + (Kq X By THT))
dB 32
d;d = ((Kcl X Bye X M) — (Kgq X Byg) — (Keq X Bpg X My) + (Kgqq X B3) (32)
— (K, X Byq X TAT) + (Ky X By ThT))

Modification made in the ODE of Model-1F to incorporate the inhibitor effect for a-Syn protein:

Equation changed to incorporate the effect of inhibitor in Model-1F for a-Syn protein.?”

i ([ i xMZ) (K, x My) ([ 5 x M xM)
dt — \\l1+ (K., x INBA1) L y o2 1+ (K,; X INBA1) 1o

+ (K, x M3)>

(1)
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My _ ( Ks X M XM) K, X M @
dt [1 + (K, X INBA1) 1 X My ) = (Ky x M)
( K X My X M ) + (K, xM
[1 + (K1 X INBA1) 1 X My ) + (Ky x M)
dMm, K, (3)
e <([1 T+ (K, x INBAD)] < M1 % M3) — (Ky x M,)
Ky
- ([1 T+ (K, x INBAD)| <M1 % M‘*) + (K % MS))
dMs K, (4)
= <([1 T VBT M X M4) — (Ky X Ms) = (K X Ms) + (Kpn; X AC)
- (Kac X MS X 14))
dAC K (5)
= <(1<ac X Mg X 1) + (K, X Ms) — (Ky; X AC) — ([1 T INBAl)] x Ac)
+ (K, X 11))
dl, K, 5 (6)
i <<[1+(K51><1NBA1) xAC)—(Ktxll)—(ZxKi XI2)+ (2% K; X 1)
— (K x I x ) + (K; x I3) — (K; X I X I3) + (K; x 1)
—(nx K xI; X My) + (n X K; x I;,) — (K. X I X B) + (Kq X B)
— (K, X I, X By) + (Ky X B3) — (K, X I X ThT) + (K, X 11ThT)>
dl
d_tzz((Kiin)—(K,-><12)—(1<ix11><12)+(1(]-x13)—(nxKix12xM1) )
+ (N XK X L)+ X K; X Iy X My) — (n X K; x I,) — (Kg X I, X ThT)
+ (Ky X I,ThT) )
dl
d_;: ((Kixll X L) — (K xI3) — (K; x I, x I3) + (K; X I,) — (n X K; X I3 X M) ®)
+(n XK XI3,) + (M X K; X Lg X My) — (n X K; X I3) — (Kg X I3 X ThT)
+ (Ky X I;ThT))
aly _ _ _ 9)
= (G x Iy X I3) = (K X 1) = (Ko X L) + (Kp X By) + (0 X K; X L3 X My)
— (n X K; X 1,)~(Kq X L X TRT) + (K, X I,TAT))
dB
d_tl = ((Ke x 1) — (Kp X By) — (K. X By X I) + (Kq X B) — (n1 X K. X B X My) (10)
+ (11 X Ky X Byg)—(Ky X By X TRT) + (Ko x B, TAT))
dB
2 = (Ko % By X 1) = (Ka X By) = (Ko X By X 1) + (K X By) + (n1 X K X By X My) (11)
—(n1 X K; X By) —(n1 X K, X B, X M;)
+ (11 X Kq X By)—(K, X By X ThT) + (K, X B,ThT))
dB
d—; = ((Ke x By X ) = (Kq X By) + (n1 X K, X By X My) — (n1 X Kg X B3) (12)
— (Ky X By X TRT) + (K, X BsThT))
dl (13)
dlt“ = ((nx Ky x Iy x My) = (n X K; X L) = (n X Ky X Lig X My) + (n X K; X L)

— (Kq X Iig X TAT) + (K X L1 ThT))
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dlyp (14)
T:((nxki><11a><1\41)—(n><1<j><11b)—(n><1(i><11b><M1)+(n><1<j><11c)
= (Kq X Iy X TAT) + (Ky X I, ThT) )
dl (15)
o= (v Ky X Iy x My) = (X K; X 1) = (0 X K; X I X My) + (n X K; X 1)
— (Kq X I X TRT) + (K, X 1, ThT))
dl4 (16)
W:((nx}f{i><116><1\/11)—(n><1r<j><11d)—(n><1r<i><11,1><M1)+(n><1<,-><12)
— (Ka X g X TRT) + (K, X L,4ThT))
dl, (17)
= (X Ky X I X My) = (1 X K; X Iq) = (0 X K; X Lq X My) + (1 X K; X L)
= (Kq X Iy X TRT) + (K, X L TAT))
dlyp (18)
—r= (00X Ky X Iq X My) = (X K; X L) = (X K; X Ly X My) + (n X K} X L)
— (Ka X Iy X TAT) + (K, X L, ThT))
dl, (19)
= (00X Ky X Iy X My) = (10X K; X L) = (0 X K; X e X My) + (0 X K) X L)
— (Kq X e X TRT) + (Ky X 1, TT))
dlyg (20)
F:((nxKi><12€><1v11)—(n><1r<]-><12d)—(n><1(i><12d><M1)+(n><1<j><13)
— (Kq X Iqg X TRT) + (K, X L ThT))
dls (21)
= (X Ky X Iy X My) = (1 X K; X Iq) = (0 X K; X Lq X My) + (1 X K; X L)
= (Kq X Iyq X TRT) + (K, X L3 TAT))
dls, (22)
—r= (X Ky X Ioq X My) = (X K; X L) = (X K; X Iy X My) + (n X K) X )
— (Kq X I, X TAT) + (K, X I3, ThT))
dl; (23)
= (0 Ky X Iy x My) = (X K; X L) = (n X Ky X e X My) + (n X K; X L)
— (Kq X Iy X TRT) + (Ky X I TAT))
dlzg (24)
F:((nxKi><13C><1v11)—(n><1r<]-><13d)—(n><1(i><13d><M1)+(n><1<j><14)
— (Kq X Isq X TRT) + (K, X L34 ThT))
dB 25
d;a = ((nlxKCxBlle)—(nldeme)—(nlxKCme><M1)+(n1><Kd X Byp) (25)
— (K, X Big X ThT) + (K X B1oThT))
dB
dt“’ = ((n1 X K, X Big X My) = (n1 X Ky X By) — (n1 X K, X Byy X My) + (n1 X Kg X Byc) (26)
— (K, X By X ThT) + (K, X By ThT))
dB
dt“ = ((n1 % K, x By x My) = (n1 X Ky X By) = (1 X Ko X Bye X My) + (n1 X Kq X Byg) (27)
— (K, X Byc X THT) + (K, X By ThT))
dB
dtld = ((nl XK. X By X M) —(n1 X Kz X B1g) — (M1 XK, X Byg X My) + (n1 X K; X B,) (28)
— (Ky X Big X TAT) + (Kq X B14ThT))
dB
d;“ = ((nl X K, X By x My) — (n1 X Ky X Byg) — (n1 X K, X Byg X My) + (nl x K; X Byy) (29)

— (Ky X Byq X TAT) + (K X B3oThT))
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dg:b = (01 K, X By X My) = (n1 X Kg X Byp) — (1 X K, X By X M) (30)
+ (n1 X Ky X Byc) = (K, X Byy X THT) + (K, X By, ThT))
dgzc _ ((n1 X K, X By X My) — (n1 X Kz X By,) — (nl X K, X By. X My) (31)
+ (11 X Kg X Bq) = (K X Bye X THT) + (K X By ThT))
dded = ((n1 % K, X Be X My) = (1 X Ky X Byg) — (n1 X K, X By X My) + (n1 X Kg X B3) (32)
— (Ky X Byq X TAT) + (Kq X ByqThT))
dlldihT = ((Kg x I X ThT) — (K, X ,ThT)) (33)
dIZdY;hT = ((Ky x Iy X ThT) — (K,, X I,ThT)) (34)
dlihT = ((Kq X I3 X ThT) = (K, X IsThT)) (35)
dl‘j;hT = ((Kq X I X ThT) — (K, X I;ThT)) (36)
dB:;hT = (K, x By X TAT) — (K, X B,TAT)) 37)
dBihT = (K, x By X THT) — (K X B,ThT)) (38)
dBZYL:hT _ ((K,, X By X ThT) — (K, X B3ThT)) (39)
dIlZ:hT = ((Kg X Iy X ThT) — (Kp % 1, TRT)) (40)
dIIZZhT = ((Kg X Iy X ThT) — (K, X 1, ThT)) (41)
dIl;ZhT = ((Kg X I X ThT) — (K, X I ThT)) (42)
dIIZZhT = ((Kg X Iig X ThT) — (Kp % L4 ThT)) (43)
dIZ;ZhT = ((Kg X I,q X TRT) — (K, X 1,4, ThT)) (44)
% = ((Kq X Loy X ThT) — (Kj X I, ThT)) (45)
dIZ;:hT = ((Kq X Lpe X TAT) — (K X I, ThT)) (46)
dIZthT = ((Kg X I,g X ThT) — (Kp X I,qThT)) (47)
dI3§ZhT = ((Kg X I3q X ThT) — (Kp X I3,ThT)) (48)
d132th = ((Kg X Isp X ThT) — (Kp X I3, ThT)) (49)
dlihT = ((Kq X Is¢ X ThT) — (K, X I3 ThT)) (50)
d132th = ((Kg X Isg X ThT) — (Kp X I34ThT)) (51)
6131;7;['}17' = ((Kp X Byq X THT) — (K, X BlaThT)) (52)
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dBlehT

(Ky X By X ThT) = (K X By, ThT)) (53)

= (
dBlCThT (

(54)

(Ky X Byc X THT) — (K, X By ThT))

dBldThT

(Ky X Big X ThT) = (K, X B1ThT) )

dBZaThT

(K

» X Baq X THT) = (K X ByoThT))

dBZbThT

dBZCThT

(Ky X Bye X THT) = (Kq X By THT))

dBZdThT

(
(
((Ky x Bap X TAT) — (Ko X ByyTHT) )
(
=(

(Ky X Boq X TT) = (K, % dThT))

Algebraic Equations

Piotar = (Mg +2X My, +3 XMz +4 XM, +5X Mg +5XAC+5X1; +5X L ThT +6 X I, (1)

+6XL,ThT +7 X1, + 7 X I;,ThT + 8 X I;. + 8 X ;. ThT + 9 X I 4
+9 X 1I,;ThT +10 X I, + 10 X ,ThT + 11 X I, + 11 X I,,ThT

+12 X I, + 12 X I, ThT + 13 X I, + 13 X I, ,ThT + 14 X I,

+ 14 X I,y ThT + 15 X I3 + 15 X I,TAT + 16 X I3, + 16 X I3, ThT

+ 17 X I3, + 17 X I3, ThT + 18 X I3, + 18 X I3, ThT + 19 X I3,

+ 19 X I34ThT + 20 X B; + 20 X B;ThT + 21 X By, + 21 X B;,ThT
+ 22 X Byp + 22 X By, ThT + 23 X By, + 23 X B;.ThT + 24 X B14

+ 24 X By 4ThT + 25 X B, + 25 X B,ThT + 26 X B,, + 26 X B,,ThT
+ 27 X By, + 27 X By ThT + 28 X B, + 28 X B, .ThT + 29 X B,y

+ 29 X B,y ThT + 30 X B + 30 X B;ThT)

ThT,ptq1 = (ThT + LTAT + LigTAT + I, TRT + I, ThT + L4 TRT + L, ThT + Lo TAT + I, ThT (2)

+ L, TRT + Ly ThT + I;TRT + I3 ThT + I3 TAT + I3, ThT + L4 ThT
+ B,ThT + B,,ThT + By, ThT + B, ThT + B,,ThT + B,ThT + B,,ThT
+ By, ThT + B, ThT + B,y ThT + B;ThT)

Observables

BoundedThT = S X (I, ThT + I,,ThT + I;,ThT + I, ThT + I,y ThT + I, ThT + I,,ThT (1)

+ Ly ThT + L, . ThT + Ly ThT + IsThT + I3, ThT + I3, ThT + I3, ThT
+ I3 ThT + B,ThT + By, ThT + By, ThT + B, ThT + B,4ThT + B,ThT
+ B, TRT + By, ThT + B, ThT + B,y ThT + B;ThT)

%of I =(5XI; +5XLThT + 6 X I;; + 6 X I;,ThT + 7 X I, + 7 X I;, ThT + 8 X I, (2)
+8X [, ThT + 9 X I3 +9 X [;4ThT +10 X I, + 10 X ,ThT + 11 X I,
+ 11 X I,,ThT + 12 X L, + 12 X L, ThT + 13 X I, + 13 X I, ThT
+14 X I3 + 14 X I,4ThT + 15 X I3 + 15 X ,ThT + 16 X I3,
+ 16 X I3, ThT + 17 X I3, + 17 X I3, ThT + 18 X I3, + 18 X I3, ThT
+19 X [, + 19 X IwThT)
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