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1 Mathematical Modeling

1.1 Kinetic reactions
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1.2 Ordinary differential equations (ODEs)
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APPyit = koo — (kg1 + kga) - APPipit +k_g1 - APPg1 + k_ga - APPgo
APPg1 = kg1 - APPpit — (k—g1 + kes1) - APPa1 + k—cs1 - APPos) —
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sAPPa; = kg Cappesial

C831 = ks Cappcsial
sAPPas = 2-ke1 - Cappcs2dend
C832 = ke - Cappcsadasd

sAPPB; = ky-Capppip
C991 = ki Capppip
sAPPBy = 2-ky1 - Cappradsad
C999q = ka1 - Cappr2dsad

1.3 Assumptions
1.3.1 Quasi-steady state

When quasi-steady state is assumed to a complex, e.g. CAp15051a1, without loss of generality

CAPJJ'Cfslal = 0. We will show computational details for this example and the others will follow
similarly.
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1.3.2 Rapid-Equilibrium

Without loss of generahty, rapid-equilibrium is assumed to C'4 PPGLS'O rLAac1 and Cyp PGQSO RLAG2
such that Cappaisorzact = 0 and Cappeasornacz = 0. The assumption gives rise to,

ks
Cappcisorracgt = Kgs1-SORLAg - APPgi , where Kg1 = fll, and

ks?

Cappa2sorrace = Kso- SORLAGy - APPgsy , where Kgy = .

1.3.3 Quasi-equilibrium

Recall the biochemical networks of the transportation of reactants shown in previous section,
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The second reactant is assumed to be in quasi-equilibrium with the first reactant. Without loss of
generality, the concentration of the second reactant is related to the first reactant by an ordinary
equilibrium expression, such as
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1.3.4 Ratio of association constant

Recall the biochemical networks of the transportation of reactants shown in previous section,
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and also the dimerization of reactants,
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We take one example and compute for its ratio of association constant:
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such that

k
APPpy = Kpy - APPesy , where Ky = o el
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The others follow similar approach of computation and are denoted as follows:

k
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1.3.5 Law of conservation

Law of conservation is assumed to APP, a-secretase, (-secretase, and SORLA. Regardless of
SORLA, the total amounts of APP, a-secretase, [-secretase, and SORLA, that are conserved
in the system, are represented by the following equations:

QTot = Qnit + Cmonomer + Qdimer (1)

Brot = Binit + Bmonomer + Bdimer (2)
APPro = APPiy + APPronomer + AP Pgimer (3)
SORLAr, = SORLAonomer + SORLAgimer (4)

In order to differentiate the functions in the presence and in the absence of SORLA, the reactants
and complexes are denoted as functions with respect to the reactants they depend on in the process
of computation. For example, f(x1,y1) is the function f that is dependent on the representation
of x1 and y;.

In the absence of SORLA,

Omonomer — (1 (ainit) + CAPPCSlal(APPinit7 aim't)
Qgimer = 02(Winit) + 2 - [a24(init) + Cappcs2dazd (AP Pinit, Qinit))
Bmonomer = B1(Binit) + CappE181(AP Pt Binit)

)
Bdimer = B2(Binit) + 2 - [B2d(Binit) + Cappr2dp2d(AP Pinit, Binit)]
APPmonomer = APPGI(AP-PMWE) + APPCSI (APPznzt) + APPE‘l (A-sznzt) +

Cappcsial (AP Piit, tinit) + Cappe1s1 (AP Piit, Binit)

(5)

APPyimer = APPgo(APPiyit) + 2 - [APPgoi(APPinit) + APPosaq(AP Pinit) + AP Prog(AP Piit) +

Caprrcs2da2d(AP Pinit, ainit) + Cappr2d2d(AP Pinit, Binit)]

The equations above are substituted into Equations (1), (2), and (3), AP Pjnit, Qinit and Bini are
solved with respect to AP Pryt, e and Brot.



For AP Py, without SORLA,
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Due to the complexity of Equation (6), the computation of AP P;,;; with respect to AP Pr,; will not
be shown algebraically, but it will be solved using fzero() function that is available in MATLAB.
Nevertheless, the algebraic computation for ai,;s and B are shown below. We will show the com-
putation for a;,;; and the solution for (;,;; will follow similarly. Take cp,: shown in Equation (1),
ie.

QTot = Qinit T ¥monomer + Qdimer

Qmonomer N Qgimer from Equation (5) are substituted into Equation (1), which leads to

arot = Qinit + [01(init) + Caprcsial (AP Pinit, Qinit)] +
{aa(ainit) + 2 - [02d(init) + Cappcesada2d(AP Pinit, tinit)] }

Further substitutions of the notations that are derived in the previous sections give
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Mal Ma2d
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a
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Note that only the positive solutions are biologically meaningful.

In the presence of SORLA, one of the main objective of our study is to differentiate the in-
fluence of SORLA in monomer and in dimer processing. Hence, it is necessary to further assume
law of conservation in each processing. Otherwise, the SORLA assigned in each processing will
indirectly affect the other processing (which can easily be shown by simple algebraic equations).

Here, we consider SORLA to be directly influencing the amounts of free AP P available in monomer
and dimer processing without affecting AP P;,;;. Again, it is important to emphasize that the reason
behind this is because of the objective we set at the beginning of the study. Thus, in the presence
of SORLA, the effect of SORLA into the free APP starts with APPg for monomer processing
and AP Pgo for dimer processing. Henceforth, the equations shown in Equation (5) are rewritten
in the following ways:

Qmonomer = a1+ Cappcsial(APPgr, a1)
Qdimer = 02+ 2+ (azq(2) + Cappcsada2d(APPga, az))
Bmonomer = B1+Cappr1p1(APPg1, B1)
Baimer = B2+ 2+ [B2a(B2) + Cappr2dsad(AP P2, B2)] (10)

APPponomer = APPg1+ APPcs1(APPg1) + APPg1(APPg) +

Cappcsial(APPgi,a1) + Cappripi(APPgr, B1) +
Capprc1sorrAG1(APPg1, SORLAG:)

APPyimer = APPgo+2-[APPgoi(APPg2) + APPog2q(APPga) + AP Prog(APPgo) +
Cappcs2da2d(APPga, a2) + Cappr2ds2d(AP Pa2, B2)] +
Caprpa2sorrAG2(APPg2, SORLAg?)

SORLAmonomer = SORLAg1 + Cappcisorraci(APPg1, SORLAG:)
SORLAgimer = SORLAg2 + Cappcasorrac2(APPga, SORLAG2)

Similarly, the equations above are substituted to Equations (1), (2), and (3). APPg1, a1 and (34
are solved with respect to the total amount of AP Py,onomer, Omonomer a0d Bmonomer concentrations
calculated from the case without SORLA. Likewise, AP Pgo, cia and (32 are solved with respect to the
total amount of AP Pyimer, Qdimer a0d Bgimer concentrations derived from the case without SORLA.

Moreover,

SORLAponomer = SORLAg1 + Cappaisorraci(APPgi, SORLAG:)
= SORLAg - (1 + Kgq - APPGl)

implies that
SORLAG = SORLA onomer - (1 + Kg1 - APPgp)™?

and thus
Cappaisorract = Ksi - APPg1 - [SORLAponomer - (1 + Kg1 - APPg1) ™
Similarly,

Cappcasoriaca = Ksa - APPgy - [SORLAgimer - (1 + Kga - APPgo) ™



For APPp, with SORLA,
APProt = APPiit +

APPGl'{l‘l‘KCSl' [1+ a1 } + Kg1-Kcst - [1+ b ]}Jr
K1 Kypi
SORLAponomer SORLAgimer
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st ol [1 T+ K1 - APPoy| 92 @21+ Kgz - APPgy
Kcs - a2
APPgy + 2 Kgs - APP2, - {1 + Kego - [1 + M] +
Kiraz2d
Kps - 32
Kgs - Keso - [14—;3 62]} (11)
Mp2d

Due to the complexity of Equation (11), the computations of AP Pg; and AP Pgo will not be shown
algebraically; but it will be calculated using fzero() function in MATLAB. Nevertheless, the alge-
braic computation for aq, s, 81 and By are shown below. We will show the computation for oy
and a9 and the solutions for 8 and By will follow similarly.

First, we compute the amounts of monomer and agimer without SORLA (Equation (5)) given
APP;,i; (Equation (6)), ajnit (Equation (8)) and Bini: (Equation (9)) that are solved previously,
ie.

Kcsi- Kar - APPmn)

Qmonomer = Kot - Qingt - <1 + K
Mal

Kess - Kas - (Ka - APBM)Z)

Qdimer = Koo - it +2- Koz - (Ko - Qinig)? - <1 + Koroos
«

Next, we used the calculated values of ammonomer and agimer (shown right above), and substitute
them into Equation 10:

Qmonomer = Q1+ CAPPCSlOzl (APPGh 041)
Qdimer = 0o+ 2-[agq(ae) + Cappesedad(APPga, as))

which can be rewritten as

amonomer

o (14 Kegsi - APPgy
Kran

Koso - Kas - APP52)

Adimer — 042+2'KC3'CV%'<1+ KM y
a2

Lastly, we solved for a; and as with respect to the conserved amount of aunonomer and Qgimer
(calculated previously):

Kcsi - APPgi\
a1 =  Omonomer * <1 K (12)
Mal
Kcgo-Kgs-APP2
—1:|:\/1+8'04dime7"' [KC?)' (1+ CSQKAGIiQd GQ)}
o 2 (13)
Kogs Kas-APP,
4-Kes- (1 + = G2)

Similarly, take

ﬁmonomer = Bl + CAPPElBl (APPGla Bl)
Baimer = B2+ 2 (B2(B2) + Caprr2dp24(APPg2, £2))



such that

Kp - Kos1 - APPgy\
/81 - ﬁmonomer . (1 + Bl K]Wlﬂl ! (14)
-1+ \/1 + 8- Bdimer . [KB3 . (1 + KEQ'KC?(QILIIZSE.APPéQ)]
B2 = = 5 (15)
r2 Kos2 Kgs-APP,
4-Kps- (1 + e G2>
Note that only the positive solutions are biologically meaningful.
1.4 End products
The representation of the products are summarized below:
For APP-monomer processing,
. - APP,
sAPPoy = k- L 22051
KMal
. -APP
SAPPB, = ky- W (16)
while for APP-dimer processing,
. - APP,
SAPPO[Q = 2- k61 . u
Knra2d
. -APP
SAPP/BQ == 2-k41-u. (17)
Kpip24

As a whole, for the compartment model with both APP-monomer and APP-dimer processing,

sAPPar, = sAPPaj+ sAPPas
SAPPBroy = sAPPBy+ sAPPj, (18)

wherein APPcg1, APPg1, APPcgag, APPpog, a1, (1, g, and B9y are functions with respect
to APPjt, Qingt, and B in the absence of SORLA; and they are functions with respect to
APPg, APPgo, a1, as, B1, B2, SORLAgG1, and SORLAgs in the presence of SORLA. All the
computations are done with respect to the given or estimated conserved values of AP Pry;, 1o,
Brot, and SORLAT ;.

10



2 List of Additional Tables

Table S1. Description of the variables used in the biochemical network.

Notation Description
TGN compartment
APPipnt initial APP
APPs monomeric form of APP in the monomer processing
APPgo monomeric form of APP in the dimer processing
APPgoq dimeric form of APP in the dimer processing
SORLAG SORLA in the monomer processing
SORLAG> SORLA in the dimer processing
Caprpcisorraci complex of APPg1 and SORLAgG: in the monomer processing
Cappcasorracz complex of APPgo and SORLAg2 in the dimer processing
Cell surface compartment
APPcst monomeric form of APP in the monomer processing
APPcsoq dimeric form of APP in the dimer processing
Minit initial a-secretase
a monomeric form of a-secretase in the monomer processing
as monomeric form of a-secretase in the dimer processing
Qg dimeric form of a-secretase in the dimer processing
CaPpPCSial complex of APPcs1 and a1, formed within monomer processing
Cappcs2dazd complex of APPcs2q and aizg4, formed within dimer processing
C831 fragment C83, resulting from monomer processing
C8324 fragment C83-dimer, resulting from dimer processing
sAPPoy soluble APPa;, resulting from monomer processing
sAPPasy soluble APPa, resulting from dimer processing
Endosome compartment
APPg1 monomeric form of APP in the monomer processing
AP Proqg dimeric form of APP in the dimer processing
Binit initial B-secretase
51 monomeric form of $-secretase in the monomer processing
B2 monomeric form of B-secretase in the dimer processing
B2d dimeric form of S-secretase in the dimer processing
CaprpPE1g1 complex of APPg1 and (1, formed within monomer processing
CappPE2ds2d complex of APPg2q and B24, formed within dimer processing
C99; fragment C99 in monomer processing
C9994 fragment C99-dimer in dimer processing
sAPPBy soluble APP S, resulting from monomer processing
sAPPfs soluble APPS, resulting from dimer processing

11



A. List of variables:

Table S2. Description of the variables and parameters used in the mathematical model.

Notation Unit  Description

APP;pit fmol  free initial APP-monomer in TGN

APPcgy fmol  free APP-monomer in monomer processing of TGN

APPgo fmol  free APP-monomer in dimer processing of TGN

APPgoq fmol  free APP-dimer in dimer processing of TGN

APPcs1 fmol  free APP-monomer in monomer processing of cell surface

APPcs2q fmol free APP-dimer in dimer processing of cell surface

APPg, fmol  free APP-monomer in monomer processing of endosome

APPgoqg fmol  free APP-dimer in dimer processing of endosome

Qinit fmol  free initial a-secretase within cell surface

ay fmol  free a-secretase-monomer in monomer processing within cell surface

g fmol  free a-secretase-monomer in dimer processing within cell surface

Qog fmol  free a-secretase-dimer in dimer processing within cell surface

Binit fmol  free initial B-secretase within endosome

51 fmol  free B-secretase-monomer in monomer processing within endosome

B2 fmol  free [-secretase-monomer in dimer processing within endosome

Baq fmol  free [-secretase-dimer in dimer processing within endosome
CappPcSial fmol  complex of APPcg1 and aj, formed within monomer processing of cell surface
CappPE181 fmol  complex of APPg; and B, formed within monomer processing of endosome
CaApPpPCS2dazd fmol  complex of APPgg24 and aigg, formed within dimer processing of cell surface
CappPE24B2d fmol  complex of APPgog4 and Bo4, formed within dimer processing of endosome
sAPPaq fmol  soluble APPa resulting from monomer processing of cell surface
sAPPS; fmol  soluble APPgS resulting from monomer processing of endosome
sAPPas fmol  soluble APPa resulting from dimer processing of cell surface

sAPPS2 fmol  soluble APPS resulting from dimer processing of endosome

SORLAG1 fmol  free SORLA in the monomer processing of TGN

SORLAG2 fmol  free SORLA in the dimer processing of TGN

CappaisorrAgt fmol  complex of APPgy and SORLAG, in the monomer processing of TGN
Cappc2sorrLAGg2 fmol  complex of APPgo and SORLAG2 in the dimer processing of TGN
AP Pronomer fmol  total APP conserved in the monomer processing

APPgimer fmol  total APP conserved in the dimer processing

APPr,; fmol  total APP conserved in the whole system

SORLAmonomer fmol  total SORLA conserved in the monomer processing

SORLAgimer fmol  total SORLA conserved in the dimer processing

SORLA7T o fmol  total SORLA conserved in the whole system

Qmonomer fmol  total a-secretase conserved in the monomer processing

Qdimer fmol  total a-secretase conserved in the dimer processing

QTot fmol  total a-secretase conserved in the whole system

Bmomoner fmol  total B-secretase conserved in the monomer processing

Bdimer fmol  total B-secretase conserved in the dimer processing

Brot fmol  total B-secretase conserved in the whole system

SAPPar.; fmol  total soluble APP«

sAPPBrot fmol  total soluble APPS3
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Table S2. Description of the variables and parameters used in the mathematical model.

B. List of parameters:

Notation  Unit Description
Kagi equilibrium constant of AP P;,;; and APPg1
Kgo equilibrium constant of AP P;,;; and APPgo
Kesi equilibrium constant of APPg; and APPcg,
Kcgo equilibrium constant of APPgogq and APPcgaq
Kgq equilibrium constant of APPcgy and AP Pg
Kgo equilibrium constant of APPggoq and APPgog
Ko equilibrium constant of a;ns: and g
Koo equilibrium constant of .+ and a2
Kpi equilibrium constant of 8;,;+ and 51
Kpo equilibrium constant of B;n;; and B2
Kgs fmol T association constant of APP dimerization
Kps fmol 1 association constant of S-secretase dimerization
Kes fmol~1! association constant of a-secretase dimerization
Kgsi fmol 1 association constant of APPg1 and SORLAG1
Kgo fmol—1 association constant of APPgo and SORLAGo
k; fmol=T- h=!  binding rate constant (where i = 1, 3,5,31,51)
kj h—1 dissociation rate constant (where j = —1,—3, -5, —31, —51, —g3, —b3, —c3, 4, 6,41, 61)
kp, fmol=!- h—!  dimerization rate constant (where h = g3,b3, c3)
kq h—1 inflow rate constant (where ¢ = g1, g2, csl, cs2,el, e2,cl, c2,bl,b2)
ki h-1 outflow rate constant (where ¢ = —g1, —g2, —csl, —cs2, —el, —e2, —cl, —c2, —bl, —b2)
kr fmol- h—! initial rate (where r = g0)
Kiral fmol defined by (ke + k—5)/ks
Knpt fmol defined by (k4 + k—3)/ks
Kra2d fmol defined by (ke1 + k—51)/ks1
(

Knrpod fmol defined by (k41 + k—31)/k31

13



Table S3. Steps in computer simulations.

II

11
v

Sort experimental data according to the total amount of APP values

For simulation purpose, the unit of measurements is unified into fmol (i.e. the values of APPr,; is
converted from Molar to fmol, wherein the unit of measurement for sSAPPa and sAPPJ remains as
fmol)

The initial values of the parameters are randomly assigned using the rand() function.

The initial values described in Step III are used by the lsqnonlin() function to estimate the parameter
values of the mathematical model, whereby the following tasks are performed:

i Given the total amount of APP values from the experimental data without SORLA, the fzero()function
is used to solve for APP;,;;

ii Use the APP;,;; that is solved in (i) to solve for a;,i: and B;ni: while simultaneously estimating
the values for ar,; and Bro;.

iii Since, the total amount of APP values measured between the experimental data without SORLA
and the experimental data with SORLA are different. Thus, it is necessary to compute for the
corresponding free APP in the both cases, i.e. with and without SORLA.

iv Use the values of APP;y;t, (init, and Binir that are calculated in (i) and (ii) to solve for the
conserved amount of APP, a-, and (-secretase in monomer and in dimer processing without
SORLA, ie. APPmonomer; APPdimem Qmonomers Cdimer; Bmonomera and Bdimer-

v Use APPmonomer; APPdimera Amonomer; Odimer, ﬁmonomer» and ﬂdimer that are solved in (IV)
to recalculate for the values of APPg1, APPgs, a1, ao, $1, and B2, which are influenced by
SORLA.

vi Then, apply APP, a-, and S-secretase that are calculated in (i) and (ii) into the production rate
equations of SAPPa and sAPPS without SORLA, and those in (v) into that of with SORLA.

vii Lastly, the sum of weighted squares of differences between the experimental data and results in
(vi) are being minimized, i.e. the predicted and observed total amount of
1 sAPPa without SORLA
2 sAPPS without SORLA
sAPPa with SORLA
sAPPS with SORLA

APP with SORLA. (This step is necessary because the free APP in the case of with SORLA
are computed indirectly)

T W
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Table S4. Estimated parameter values for Figure 2: Residual= 2.15 x 10*.

parameter (units) | values parameter (units) | values
QTot (fmol) 5.52 x 103 | Brot (fmol) 1.31 x 10!
Kps (fmol=1) | 2.55 x 1072 | K¢z (fmol=1) | 1.52 x 107°
Kas (fmol~1) | 4.45 x 10'!

Monomer processing Dimer processing
Ko 1.19 x 1079 | Kgo 2.00 x 1077
Kesh 2.01 x 108 | Kcgo 2.38 x 10°
Kg1 7.33x 1072 | Kg» 2.41 x 10°
K 1.80 x 10! Kco 1.64 x 103
Kp 2.37 x 101 | Kpo 1.90 x 102
SORL A monomer  (fmol) 1.23 x 10! SORLAgimer (fmol) 2.43 x 10°
Ks (fmol~1) | 3.16 x 1072 | Kgo (fmol~1) | 8.35 x 103
ke (h=1) 7.29 x 107 | ke (h=1) 1.77 x 10!
Kol (fmol) 1.37 x 1072 | Karaod (fmol) 5.91 x 103
k4 (h=1) 5.25 x 10% | ky (h=1) 6.59 x 107!
Kup (fmol) 2.23 x 10> | Kuypoa (fmol) 6.50 x 10!
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3 List of Additional Figures
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Figure S1: Concentration values of the secretases with higher SORLA, values. Sim-
ulations of the influence of intermediate levels of SORLA on APP processing on the amount of
a-secretase (A-F) and f-secretase (G-L) concentration. The term “used” refers to the complex
formation of the secretases and APP, while the term “free” refers to the secretases that are not
bound in a complex. There are five intermediate levels of SORLA, namely, 0% (solid line), 100%,
200%, 1000%, and 5000% (dashed line) of SORLA7,; (where SORLA7,; = 2.43 x 10° fmol). When
there is only solid line in a plot, it is because solid and dashed lines are superimposed. Starting from
the first column, there shows the amount of a- (A) and [-secretase (G) that is free in monomer
processing. In the second column, it shows the amount of a- (B) and S-secretase (H) that is free
in dimer processing. The amount of a- (C) and (-secretase (I) used in monomer processing are
shown in the third column, whereas those used in dimer processing (D, J) are shown in the fourth
column. In the fifth column, there shows the total amount of a- (E) and [-secretase (K) that is
free (blue line) and used (orange line) in the system. Lastly, there is the total amount of a- (F)
and [-secretase (L) in monomer (blue line) and in dimer (orange line) processing of the system.
The black lines in (E, F) and in (K, L) are the estimated total amount of a-and S-secretase, re-
spectively. In particular, the black line in (E, K) represents the sum of the secretase concentration
depicted by the blue and orange lines, while the one in (F, L) indicates the sum of the secretase
concentration depicted by the red and green lines. Notice that the solid and dashed lines for both
blue and orange colors deviate in (K). This, however, is not the case in (E).
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