





4.2. Multi-compartmental modeling of APP processing influenced by SORLA

Figure 4.10.: Total amount of APP that is free, used, in monomer processing, and
in dimer processing in each compartment. Simulations of the influence of intermediate
levels of SORLA on APP processing for APP concentration in the TGN (A-E), at the cell
surface (F-J), in the endosomes (K-O), and in all three compartments (P-T). There are five
intermediate levels of SORLA, namely, 0% (solid line), 3%, 12%, 30%, and 100% (dashed line)
of SORLA7,; (where SORLAT,; = 2.43 x 10° fmol). When only a solid line exists in a plot,
it is because the solid and dashed lines are superimposed. Note that the term “used” refers to
the complex formation of (i) APP and SORLA in the TGN, (ii) APP and a-secretase at the
cell surface, and (iii) APP and [-secretase in the endosomes. Wherein, the term “free” refers
to the APP that is not bound in the respective compartments. The first two columns show the
total concentration of APP that is free and used. In the third and fourth columns, the total
APP concentration in monomer and in dimer processing is shown, respectively. Each line in the
last column has two meanings: (i) the sum of the corresponding APP concentrations shown in
the first two columns, or (ii) the sum of the respective APP concentrations shown in the third
and fourth columns. The plots aligned along the first column show that SORLA significantly
decreases the total concentration of free APP in each compartment. The plots in the second
column show that the total APP concentration in the TGN increases significantly (B), while
not affecting and minimally decreasing those at the cell surface (G) and in the endosomes (L),
respectively. The plots in the third column show that SORLA has no influence on the total APP
concentration in monomer processing. Moreover the plots in the fourth column show that as the
level of SORLA concentration in dimer processing increases, the total APP concentration in the
TGN also increases (D), while the concentration at the cell surface (I) and in the endosomes
(N) decreases.
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Figure 4.11.: Switch from preferred dimer-to-monomer processing. Simulations of the
influence of SORLA on APP processing into sSAPP« (A, C) and sAPPS (B, D) are shown (where
SORLA7,; = 2.43 x 10° fmol). The total amount of products produced from both processing
(black line) as well as the products produced from dimer (green line) and monomer (red line)
processing are indicated for each simulation. A switch from preferred dimer-to-monomer pro-
cessing is seen at 25% of SORLA 7, for a-secretase (A) and at 3% of SORLA 1, for S-secretase
(B). The amount of product obtained from “red” monomer is greater than that of “green” dimer
at 145% of SORLA 7, for a-secretase (C) and 150% of SORLAp,; for S-secretase (D).

the study performed in Section the switch from cooperative (dimer) to less efficient
non-cooperative (monomer) processing occurs at a low SORLA concentration [Lao et al.
2012|. Moreover, the end product obtained from monomer processing dominates the total
amount of end product at 145% of SORLA7,; for a-secretase (Figure ) and 150% of
SORLA 7, for 5-secretase (Figure 4.11D). Similar to the results obtained in Figure |4.6| for
the simulations of the influence of intermediate levels of SORLA on APP processing into
sAPPa (Figure [4.6]A) and sAPPJ (Figure [4.6B), these two sets of results (Figure [4.6] and
Figure suggest that SORLA reduces the products produced in non-amyloidogenic
and amyloidogenic pathways of APP processing, respectively, at different rates [Lao et al.
2012].
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4.2. Multi-compartmental modeling of APP processing influenced by SORLA

Summary and conclusions

The multi-compartment model is an extension of the single-compartment model that was
established earlier in Chapter To the best of our knowledge, this is the first multi-
compartmental model developed to analyze APP processing in the context of AD [Lao
et al.[2012]. In addition, the model represents the regulated trafficking of APP by SORLA
through the intracellular compartments, which critically affects amyloidogenic and non-
amyloidogenic processing pathways [Willnow et al.|2008]. This model was established to

answer questions that arose from a study based on a single-compartment model (presented

in Section [3.3).

The first question that emerged concerns the relative contributions of SORLA to monomer
and dimer processing. Based on the study conducted in Section [Schmidt et al.[2012],
it was shown that SORLA influences the combined products obtained by monomer and
dimer processing. However, due to the structural limitations of the single-compartment
model, it was not possible to investigate the relative contribution of SORLA in monomer
and dimer processing. Therefore, using the multi-compartment model, we have shown that
the decrease in the total SAPP«a and sAPPS is mainly due to the influence of SORLA in
dimer processing [Lao et al.|2012|. This observation confirms the previous hypothesis that
SORLA prevents oligomerization of APP, thereby eliminating the preferred substrates for

secretases.

The second question was how does SORLA affects the dynamics of S-secretase? In
Section it is suggested that there is an indirect effect of the SORLA receptor on (-
secretase, which contributes to the regulation of amyloidogenic processing in the context of
an intact cell [Schmidt et al.[2012]. However, in order for the single-compartment model to
closely resemble the experimental data, the model required a local parameter estimate for
B-secretase activity in the presence or absence of SORLA. Through the multi-compartment
model, where all parameters are estimated globally, we now confirm that SORLA affects
the interaction between APP and (-secretase, but not that of APP with a-secretase [Lao
et al.2012]. A previous study suggests that SORLA directly interacts with [-secretase,
preventing access of the enzyme to its substrate APP [Spoelgen et al. 2006]. While the
simulations confirm an important influence of SORLA on f-secretase, this influence may
also be indirect, such as by having an affect on the trafficking of cofactors essential for
enzyme activity [Lao et al.[2012]. An indirect effect of SORLA is in agreement with our
findings that the receptor does not impair S-secretase activity in cell-free assays [Schmidt
et al.[2012].

In addition, we investigated the regulated trafficking of APP by SORLA in monomer and
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dimer processing, considering several cellular compartments, including the TGN, cell sur-
face, and endosomes [Lao et al.|2012]. Simulations of the multi-compartment model show
that SORLA increases the total amount of APP concentrations in the TGN (Figure [1.10E)
and subsequently decreases the total amount of APP at the cell surface (Figure[4.10J) and
endosomes (Figure [£.1000). In agreement with [Andersen and Willnow]| [2006], this result
suggests that overexpression of SORLA prevents the localization of APP from the TGN to
the cell surface and endosomes, whereby overexpression of SORLA decreases the products
produced in the amyloidogenic and non-amyloidogenic pathways of APP processing. Fur-
thermore, our study confirms that SORLA is more influential in dimer than in monomer
processing. This observation is in agreement with the previous model that APP dimers
represent the preferred substrate for a-secretaseand (-secretase, as they enable coopera-
tivity in substrate binding |[Schmidt et al.[[2012]. Taken together, data obtained both in
single and in multi-compartment models strongly suggest that depletion of APP dimer
processing represents a major molecular mechanism in the pathology of AD [Lao et al.
2012).

Our multi-compartment model was used to simulate pathological situations involving
APP under different SORLA concentrations [Lao et al.|2012]. However, the model can
also be used as a kinetic-dynamic model to study the effects of SORLA on a-secretase and
[B-secretase. Whereas, as the SORLA concentration increases, there is a relatively large
decrease in the production rate of SAPPa compared to that of SAPPS (Figure and

Figure [4.11)) [Lao et al.[2012].
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CONCLUSIONS

Over the last 20 years much progress has been made in understanding the molecular biology
of the pathogenesis of AD. There has been a growing focus on the cellular pathways that
control APP processing and their potential contribution to neurodegenerative processes
in patients. Results from various studies shed light on a previously poorly understood
process concerning the targeted transport of APP to distinct intraneuronal compartments
harbouring the various secretase activities. In particular, some of these research studies
suggested that the functional characterization of SORLA, a unique sorting receptor for
APP, plays an important role in sporadic AD. Although much still remains to be learned
about SORLA and its role in this exciting AD pathway, SORLA certainly holds great
promise as a novel biomarker and perhaps even as a new drug target in the treatment
of this devastating disease [Willnow et al. [2010]. Given the ageing population and the
concomitant increase in the number of Alzheimer sufferers, fully understanding the effect

of SORLA in the context of AD is of extreme importance for a sustainable society.

To push the development of drug like SORLA, the systems biology approach is crucial
to understand the influence of SORLA in the processing of APP. In our first attempt, we
employed the quantitative modeling to approach risk factors in AD [Schmidt et al.[2012].
Furthermore, we have simulated the quantitative contribution of SORLA to proteolytic
processing of APP through a single-compartment model. In particular, we have confirmed
the strict linear relationship between SORLA concentrations and efficiency of APP pro-
cessing, and we have uncovered the ability of SORLA to prevent dimerization of APP,

thereby preventing the formation of high affinity substrates for secretases.
While our initial study [Schmidt et al. [2012] has been met with great enthusiasm in

the field, it falls short of addressing major aspects of SORLA activity in the cell biology

of AD. Our earlier study assumed, for sake of simplification, a single-compartment model
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describing the effects of SORLA on APP processing. It also neglects the fact that APP
follows a complex intracellular transportation whereby the protein moves between the
TGN, cell surface, and endosomes, which is where the various interacting proteins reside.
Finally, the model does not possess the ability to show how SORLA affects APP transport
between various cell compartments in neurons, which is what initially sparked interest in

this protein.

Since the single-compartment model [Schmidt et al. 2012] does not explain the APP
transport mechanism, we have designed a new multi-compartmental model [Lao et al.
2012]. The new model addresses the important aspect of the cell biology of SORLA by as-
suming three compartments. Using the new model together with the estimated parameter
values, our results suggest the following biological implications of SORLA: (1) a decrease
in the total amount of SAPP products is mainly due to the high SORLA concentration
in dimer processing, and not due to the low SORLA concentration in monomer process-
ing; (2) SORLA indirectly affects the dynamic behavior of the -secretase, but not that
of a-secretase. The receptor targets [-secretase which is responsible for the initial amy-
loidogenic cleavage. This supports the initial biochemical data showing that SORLA can
bind to [-secretase |Spoelgen et al.[2006]; and (3) SORLA is more influential in dimer
processing than in monomer processing, which confirms our initial hypothesis that block-
ade of APP dimerization is an important aspect of SORLA action in AD. These findings
represents a major conceptual advancement in our understanding of the complex APP

processing.

In order to establish a model that will test the potential effects of SORLA on APP
processing in the context of AD therapy, the multi-compartmental model presented in
Section [Lao et al.[2012] can be extended by including additional cleavage activity
of ~-secretase in monomer and dimer processing for research interests that focus on the
influence of SORLA on 7-secretase and AS peptide. Whereas, for researchers interested

in other risk factors, it will be an endeavor to extend the model by adding more risk factors.
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A. Description of variables

Table A.1.: Description of the variables and parameters used in the equations found in Section

106

Notation Unit Description

APP fmol free APP-monomer

« fmol free a-secretase-monomer

B fmol free B-secretase-monomer

CapPa fmol complex of APP and «, formed within monomer processing
CappPgs fmol complex of APP and 3, formed within monomer processing
sAPP« fmol soluble APPa resulting from monomer processing
sAPPS fmol soluble APPS resulting from monomer processing
SORLA fmol free sorting protein-related receptor

CappsorrLa fmol complex of APP and SORLA

APPry fmol total APP conserved in the whole system

SORLAT fmol total SORLA conserved in the whole system

QTot fmol total a-secretase conserved in the whole system

Brot fmol total B-secretase conserved in the whole system
sSAPPary fmol total soluble APP«a

SAPPBr, fmol total soluble APPS

K fmol—1 association constant of APP and SORLA

k; fmol~™!- h—!  binding rate constant (where i = 1,3,5)

kj h—! dissociation rate constant (where j = —1,—3,—5,4,6)
Kyra fmol defined by (ke + k—5)/ks

Kyp fmol defined by (k4 + k—_3)/k3




Table A.2.: Description of the variables and parameters used in the equations found in Section

Notation Unit Description

APP fmol free APP-monomer

«a fmol free a-secretase-monomer

B fmol free B-secretase-monomer

APP, fmol free APP-dimer

ag fmol free a-secretase-dimer

B4 fmol free B-secretase-dimer

CApPdad fmol complex of APP,; and a4, formed within dimer processing
Cappdpd fmol complex of APP,; and 4, formed within dimer processing
sAPPax fmol soluble APPa« resulting from dimer processing

sAPPSx fmol soluble APPS resulting from dimer processing

SORLA fmol free sorting protein-related receptor

Cappsorra  fmol complex of APP and SORLA

APPro; fmol total APP conserved in the whole system

SORLAT ¢ fmol total SORLA conserved in the whole system

QT ot fmol total a-secretase conserved in the whole system

Brot fmol total B-secretase conserved in the whole system
sAPPary fmol total soluble APP«

SAPPBrot fmol total soluble APPfS3

Ky fmol—1 association constant of APP dimerization

Kp fmol—1 association constant of S-secretase dimerization

Ko fmol 1 association constant of a-secretase dimerization

Ky fmol—1 association constant of APP and SORLA

k; fmol~™!- h~™!  binding rate constant (where i = 1,31,51)

k; h—! dissociation rate constant (where j = —1,—31,—51, —a, —b, —c, 41, 61)
kp, fmol~!- h—!  dimerization rate constant (where h = a, b, c)

Kyrad fmol defined by (ke1 + k—51)/ks1

Kngd fmol defined by (ka1 + k—31)/k31
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A. Description of variables

Table A.3.: Description of the variables and parameters used in the equations found in Section

Notation Unit Description

APP fmol free APP-monomer

«a fmol free a-secretase-monomer

B fmol free (-secretase-monomer

CaPPa fmol complex of APP and «, formed within monomer processing
Carpg fmol complex of APP and (3, formed within monomer processing
sAPPa fmol soluble APPa resulting from monomer processing

sAPPS fmol soluble APPS resulting from monomer processing

APPy fmol free APP-dimer

ag fmol free a-secretase-dimer

Ba fmol free B-secretase-dimer

CapPPdad fmol complex of APP; and a4, formed within dimer processing
Cappdpd fmol complex of APP,; and 4, formed within dimer processing
sAPPax fmol soluble APP« resulting from dimer processing

sAPPBx fmol soluble APPS resulting from dimer processing

SORLA fmol free sorting protein-related receptor

Cappsorra fmol complex of APP and SORLA

APPr,; fmol total APP conserved in the whole system

SORLAT o fmol total SORLA conserved in the whole system

Aot fmol total a-secretase conserved in the whole system

Brot fmol total B-secretase conserved in the whole system
sSAPParo fmol total soluble APP«

SAPPBrot fmol total soluble APPS

Kp fmol 1 association constant of APP dimerization

Kp fmol 1 association constant of SB-secretase dimerization

Ko fmol—1! association constant of a-secretase dimerization

K fmol—1 association constant of APP and SORLA

k; fmol~!- h=!  binding rate constant (where i = 1,3,5,31,51)

k; h—1 dissociation rate constant (where j = —1, -3, -5, =31, —51, —a, —b, —c, 4, 6,41, 61)
kn fmol~!- h=!  dimerization rate constant (where h = a, b, c)

Kira fmol defined by (k¢ + k—5)/ks

Kng fmol defined by (k4 + k—3)/ks

Kyrad fmol defined by (ke1 + k—51)/ks1

Kngd fmol defined by (k41 + k—31)/k31
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Table A.4.: Description of the variables used in the equations found in Section

Notation Unit  Description

APPjpit fmol  free initial APP-monomer in TGN

APPg 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

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

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

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

APPgag fmol  free APP-dimer in dimer processing of endosome

Qinit fmol free initial a-secretase within cell surface

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

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

Qg 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

Bad fmol  free B-secretase-dimer in dimer processing within endosome
CapPCSial fmol  complex of APPcg1 and ag, formed within monomer processing of cell surface
CappPE1B1 fmol  complex of APPg; and (31, formed within monomer processing of endosome
CapPpPCS2dazd fmol  complex of APPgg24 and aig, formed within dimer processing of cell surface
CappPE2d482d fmol  complex of APPgo4 and (o4, formed within dimer processing of endosome
sAPPay fmol  soluble APPa resulting from monomer processing of cell surface
sAPPfS1 fmol  soluble APPS resulting from monomer processing of endosome
sSAPPag fmol  soluble APPa resulting from dimer processing of cell surface

sAPPf2 fmol  soluble APPS resulting from dimer processing of endosome

SORLAG fmol  free SORLA in the monomer processing of TGN

SORLAgG> fmol  free SORLA in the dimer processing of TGN

CappPc1sorLAG1 fmol  complex of APPgy and SORLAG; in the monomer processing of TGN
CappPa2sorLAG2 Imol  complex of APPgo and SORLAGs in the dimer processing of TGN
APPponomer fmol  total APP conserved in the monomer processing

APPiimer fmol  total APP conserved in the dimer processing

APPry 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

SORLATo fmol  total SORLA conserved in the whole system

Qmonomer fmol  total a-secretase conserved in the monomer processing

Adimer fmol  total a-secretase conserved in the dimer processing

QT ot 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

sAPParo; fmol  total soluble APP«a

SAPPBrot fmol  total soluble APPS3
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A. Description of variables

Table A.5.: Description of the parameters used in the equations found in Section

Notation  Unit Description

Kea equilibrium constant of APP;p;; and APPgy

Kgo equilibrium constant of APP;,,;; and APPgs

Kest equilibrium constant of APPg; and APPcg1

Kcoso equilibrium constant of APPgogq and APPggag

Kg equilibrium constant of APPog1 and AP Pgy

Kgo equilibrium constant of APPcgoq and AP Pgraog

Kcr equilibrium constant of a;ni¢ and oy

Koo equilibrium constant of o+ and asg

Kpi equilibrium constant of 8;,;+ and 51

Kpo equilibrium constant of 8;,;+ and B2

Kas fmol—1 association constant of APP dimerization

Kps fmol ! association constant of B-secretase dimerization

Kes fmol—1 association constant of a-secretase dimerization

Kg1 fmol—1 association constant of APPg1 and SORLAg

Kgo fmol ! association constant of APPgo and SORLAG2

k; fmol~!- h~!  binding rate constant (where i = 1,3,5,31,51)

k; h—! dissociation rate constant (where j = —1,—3, —5, —31, —51, —g3, —b3, —c3, 4, 6,41, 61)
kr, fmol~!- h—!  dimerization rate constant (where h = g3, b3, c3)

kq h—1 inflow rate constant (where g = g1, g2, cs1, cs2,el, e2,cl, c2,bl,b2)
ki h—! outflow rate constant (where ¢ = —g1, —g¢2, —csl, —cs2, —el, —e2, —cl, —c2, —b1, —b2)
ky fmol- h—1 initial rate (where r = g0)

Kyrar fmol defined by (ke + k—5)/ks

Knpi fmol defined by (ka + k—3)/k3

Kpraod fmol defined by (ke1 + k—51)/ks51

Kirgad fmol defined by (k41 + k—31)/k31
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B. Estimated parameter values

Table B.1.: Estimated parameter values corresponding to the simulations shown in Figure

Table B.2.: Estimated parameter values corresponding to the simulations shown in Figure

112

parameter (units) | values parameter (units) | values
QTot (fmol) 6.47 x 10° | Brot (fmol) 4.48 x 10!
SORLAT, (fmol) | 6.05 x 10* | K, (fmol™1) | 1.54 x 103
ke (h™1) 1.01 x 102 | Ky (h=1) 2.42 x 1071
Ko (fmol) | 3.85 x 10% | Kpp (fmol) 4.19 x 10°

parameter (units) | values parameter (units) | values

QT ot (fmol) 1.74 x 10° | Brot (fmol) 3.73 x 1071
SORLA7y,  (fmol) 3.59 x 10* | K, (fmol™1) | 1.14 x 103
Kp (fmol~1) | 3.38 x 10?2 | K¢ (fmol 1) | 2.53 x 102
K (fmol 1) | 1.17 x 1075

ko1 (h=1) 1.37 x 102 | kg (h=1) 2.37 x 10!
K ad (fmol) 313 x 10* | Kypa (fmol) 5.02 x 10!




Table B.3.: Estimated parameter values corresponding to the simulations shown in Figure

parameter (units) | values parameter (units) | values
Tot (fmol) 7.34 x 10° | Bro (fmol) 6.05 x 10"
SORLATs  (fmol) 5.13 x 10° | K, (fmol 1) | 7.19 x 1073
Kp (fmol™1) | 2.10 x 103 | K¢ (fmol 1) | 7.41 x 10!
Ka (fmol~1) | 1.25 x 107!

Monomer processing Dimer processing

without SORLA

ke (h=1) 9.87 x 1073 | kg (h=1) 4.75 x 107!
Ko (fmol) 4.32 x 1072 | Kpraa (fmol) 5.51 x 10?
ky (h=h) 1.16 x 10* | kyy (h=h) 1.30 x 1071
Kup (fmol) 2.93 x 102 | Kypa (fmol) 6.53 x 10!
with SORLA
ke (h=1) 9.87 x 1073 | kg (h=1) 4.75 x 107!
Ko (fmol) 4.32x 1072 | Kproa (fmol) 5.51 x 10°
ky (h=1) 1.16 x 102 | kg (h=h) 1.30 x 1071
Kp (fmol) 1.42 x 101 | Kprpa (fmol) 2.19 x 10°
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B. Estimated parameter values

Table B.4.: Estimated parameter values corresponding to the simulations shown in Figure

parameter (units) | values parameter (units) | values
oot (fmol) 5.52 x 103 Brot (fmol) 1.31 x 10!
Kps (fmol~1) | 2.55 x 1072 | K¢s (fmol™1) | 1.52 x 1075
Kgs (fmol=1) | 4.45 x 1011

Monomer processing Dimer processing

K 1.19x 1079 | Kgo 2.00 x 1077
Kesi 2.01 x 108 Kcso 2.38 x 10°
K 7.33x 1072 | Kpy 2.41 x 10°
Ko 1.80 x 10 | K¢o 1.64 x 103
Kp 237 x 10" | Kpo 1.90 x 102
SORLA monomer  (fmol) 1.23 x 101 | SORLAgimer 2.43 x 10°
K (fmol=') | 3.16 x 1079 | Ko 8.35 x 103
ke (h=1) 7.29 x 107* | kg 1.77 x 10!
Kifal (fmol) 1.37 x 1072 | Kpra2d 5.91 x 103
k4 (h=1) 5.25 x 102 | kg 6.59 x 107!
K (fmol) 2.23 x 102 | Kup24 6.50 x 10
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Single-compartmental model |

(For Sections 3.1 and 3.2 - with either monomeric or dimeric form of APP)

function SingleCompartmentModell
%% clear screen
clc

%% global variables
global data;

global datas;
global parameter;

%% APPROACH:

% Global estimation of parameter values for Single compartment model with only
% (7) monomeric APP

% (99) dimeric APP

appraoch=7;

%% load experimental data
PREdata= load('CHO.txt'); %without SORLA
PREdatas= load('CHO S.txt'); %with SORLA

%% open file to record parameter values that will be estimated
if (appraoch==7)

fid = fopen('SingleCompartmentMonomer global.txt', tat');
elseif (appraoch==99

fid = fopen('SingleCompartmentDimer global.txt', tat');
end

%% sort experimental data according to the total amount of APP measured in the experiments
data = sortrows (PREdata, 1); %without SORLA
datas = sortrows (PREdatas, 1); %with SORLA

%% data sets

% without SORLA

xdata = data(:, 1).* 50;%convert total APP from nM into fmol
ydataA = data(:, 2);%sAPPa

ydataB = data(:, 3);%sAPPb

% with SORLA

xdatas = datas(:, 1).* 50;%convert total APP from nM into fmol
ydataAs = datas(:, 2);%sAPPa
ydataBs = datas(:, 3);%sAPPb

% back up vectors of the experimental data
xdata8=xdata;

ydataA8=ydataA;

ydataB8=ydataB;

xdatas8=xdatas;

ydataAs8=ydataAs;

ydataBs8=ydataBs;

% a copy of vector APP in nM for plotting purpose
xdata8P= data(:, 1);

xdata8sP= datas(:, 1);

loop=1;
%% row denotes the number of repetitions
for row=1:500

o

%% initial parameter values

% for monomer processing model

if (appraoch==7)
k6=100* rand (1
Atot=100* rand
Kma=100* rand (

)i
(1) ;%total amount of alpha-secretase
1)

k4=100* rand(1l)
(
1

7

Btot=100* rand
Kmb=100* rand(1l);
s=100* rand(1l);*SORLA

Ks=100* rand(l);%dissociation constant of SORLA and APP
Ka=0; %$constant ratio for APP dimerization

Kb=0; %$constant ratio for beta dimerization

;
1) ;%total amount of beta-secretase
)



Kc=0; %constant ratio for alpha dimerization

a°

for dimer processing model

% Note that the dimerization effect is not shown in the model because the appF.”2 is denoted as appF.
elseif (appraoch==99
k6=100* rand(l); %corresponds to k61l of the model
Atot=100* rand(l);%total amount of alpha-secretase
Kma=100* rand(l); %corresponds to Kmad of the model
k4=100* rand(1l); %corresponds to k41l of the model
Btot=100* rand(l);%total amount of beta-secretase
Kmb=100* rand(l); %corresponds to Kmbd of the model
s=100* rand(1l);%SORLA
Ks=100* rand(l);%dissociation constant of SORLA and APP
Ka=1* rand(l);%constant ratio for APP dimerization
Kb=1* rand(l);%constant ratio for beta dimerization
Kc=1* rand(l);%constant ratio for alpha dimerization
end
%% call the nonlinear least square function lsgnonlin ()
options = optimset ('PrecondBandWidth', 0);
if (appraoch==7)
[parameter, resi] = lsgnonlin(@mycurve, [k6, Atot, Kma, k4, Btot, Kmb, s, Ks], [0 0 0 O
000 0], [], options);
s=parameter (7);
Ks=parameter (8) ;
parameter (21)=parameter (2)
parameter (31)=parameter (3)
parameter (51)=parameter (5); $Btot
parameter (61)=parameter (6); $Kmb
elseif (appraoch==99
[parameter, resi] = lsgnonlin(@mycurve, [k6, Atot, Kma, k4, Btot, Kmb, s, Ks, Ka, Kb,
Kcl, [0 00O O0O0OO O], [], options);
s=parameter (7);
Ks=parameter (8) ;
Ka=parameter (9) ;
Kb=parameter (10) ;
Kc=parameter (11);
parameter (21)=parameter (2);%2* Atot
parameter (31)=parameter (3) ; $Kma
parameter (51)=parameter (5);%2* Btot
parameter (61)=parameter (6); %Kmb
end
%% to check if there is negative parameter estimated
if (parameter(l)>0 && parameter (2)>0 && parameter (3)>0 && parameter (4)>0 && parameter (5)>0 &&
parameter (6) >0 && parameter (7)>0 && parameter (8)>0 && (Ka==0 || Ka>0) && (Kb==0 || Kb>0) && (Kc==0 ||
Kc>0))
%% Mathematical representation
% See Equations 3.4 and 3.11 for monomer and dimer processing, respectively
% without SORLA
appF= appFSOLVE';
datum= xdata8(:, 1);
if (appraoch==7)
appTOT=appF.* (1+ (parameter (2) ./ (parameter (3)+ appF))+ (parameter(5)./ (parameter(6)+ appF)));
elseif (appraoch==99
appTOT=appF+ (2.* Ka.* (appF.”2)).* (1 + ((- 1+ sgrt(l.”2+ (8.* Kc.* (1+ Ka.* appF."2./
parameter (3)) .* parameter(2))))./ (4.* Kc.* (1+ Ka.* appF."2./ parameter(3))))./ parameter (3)+ ((- 1+
sqrt(1.72+ (8.* Kb.* (1+ Ka.* appF."2./ parameter (6)).* parameter(5))))./ (4.* Kb.* (1+ Ka.* appF."2./
parameter (6)))) ./ parameter (6));
end

o

3 with SORLA
appFs= appFSOLVEs';

datums= xdatas8(:, 1);
if (appraoch==7)
appTOTs=appFs.* (l+ (parameter(21)./
appFs))+ s./ (Ks+ appFs));
elseif (appraoch==99

appTOTs=appFs.* (1+ s./ (Ks+

appFs) )+ (2.* Ka.*

(parameter (31)+ appFs))+

(appFs.”2)) .*

(parameter (51) ./ (parameter (61)+

(1 + ((= 1+ sgrt(l.”2+ (8.* Kc.*

(1+ Ka.* appFs.”2./ parameter (31)).* parameter(21))))./ (4.* Kc.* (1+ Ka.* appFs."2./

parameter (31)))) ./ parameter (31)+ ((- 1+ sgrt(l.”2+ (8.* Kb.* (l+ Ka.* appFs.”2./ parameter(61)).%*
parameter (51))))./ (4.* Kb.* (1+ Ka.* appFs.”2./ parameter(61))))./ parameter (61));

end

solve for secretases
See Equations 3.12 and 3.13

o
©

o
©



if (appraoch==99)

alpha=(- 1+ sqrt(l.”2+ (8.* Kc.* (1+ Ka.* appF."2./ parameter(3)).* parameter(2))))./ (4.* Kc.* (1+
Ka.* appF."2./ parameter(3)));

beta =(- 1+ sqrt(l.”2+ (8.* Kb.* (1+ Ka.* appF."2./ parameter(6)).* parameter(5))))./ (4.* Kb.* (1+
Ka.* appF."2./ parameter(6)));

alphas=(- 1+ sqrt(l.”2+ (8.* Kc.* (l+ Ka.* appFs.”2./ parameter (31)).* parameter(21))))./ (4.* Kc.*
(1+ Ka.* appFs.”2./ parameter(31)));

betas =(- 1+ sqrt(l.”2+ (8.* Kb.* (l+ Ka.* appFs.”2./ parameter (61l)).* parameter(51))))./ (4.* Kb.*
(1+ Ka.* appFs.”2./ parameter(61)));

end

check if the difference between the given appTOT and estimated appTOT
increment count if

% (1) the Difference is larger than the threshold value

% (2) free APPs is negative

Diff=abs (appTOT- datum) ;

Diffs=abs (appTOTs- datums) ;

u=length (appF) ;
uu=length (appFs) ;
threshold = 0.00000001;

count=0;
count2=0;
for t=1l:u
if ( Diff(t) > threshold)
count = count + 1;
end

if (appF(t) < 0)
count2 = count2 + 1;
end
end

for t=l:uu
if ( Diffs(t) > threshold)
count = count + 1;
end

if (appFs(t) < 0)
count?2 = count2 + 1;
end
end

o

3 checkpoint: restart if count or count2 <0

if ((count >0) || (count2 >0))
continue;
else
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%% Plotting: plot the original data together with simulation results of the model
% See Equations 3.7 and 3.15 for monomer and dimer processing model, respectively

appTOT=appTOT./ 50;%convert to Molar from fmol for plots
appTOTs=appTOTs./ 50;%convert to Molar from fmol for plots
appTOT=vertcat (0, appTOT) ;
appTOTs=vertcat (0, appTOTs) ;
if (appraoch==7)
appF=vertcat (0, appF):;
appFs=vertcat (0, appFs);
elseif (appraoch==99
appF=Ka.* (appF)."2;
appF=vertcat (0, appF):;
appFs=Ka.* (appFs)."2;
appFs=vertcat (0, appFs);
alpha=vertcat (0, alpha);
alphas=vertcat (0, alphas);
beta=vertcat (0, beta);
betas=vertcat (0, betas);
end

% without SORLA
figure (3000+ loop)
plot (xdata8P, ydataA8, 'k.', 'MarkerSize', 10)
hold on
if (appraoch==7)
fitted = appF .* parameter(l).* parameter(2)./ (parameter (3) + appF);
elseif (appraoch==99
fitted = 2.* appF .* parameter(l).* Kc.* alpha.”2./ parameter(3);
end



plot (appTOT, fitted, 'k- ', 'LineWidth', 2)

xlabel ('APP_{Tot} (nM)', 'interpreter', 'latex');

ylabel ('sAPP \alpha (fmol/ h)', 'interpreter',6 'latex')
x1im ([0 400]

ylim ([0 2507])

figure (4000+ loop)
plot (xdata8P, ydataB8, 'k.', 'MarkerSize', 10)
hold on
if (appraoch==7)
fittedl = appF .* parameter(4).* parameter(5)./ (parameter (6)+ appF);
elseif (appraoch==99
fittedl = 2.* appF .* parameter(4).* Kb.* beta.”2./ parameter(6);
end
plot (appTOT, fittedl, 'k- ', 'LineWidth', 2)
xlabel ("APP {Tot} (nM)', 'interpreter', 'latex');
ylabel ('sAPP \beta (fmol/ h)', 'interpreter', 'latex'
x1im ([0 400]
ylim ([0 127])

$with SORLA
figure (6000+ loop)
plot(xdatas8P, ydataAs8, 'k.', 'MarkerSize', 10)
hold on
if (appraoch==7)
fitteds = appFs .* parameter(l).* parameter(21)./ (parameter(31) + appFs);
elseif (appraoch==99
fitteds = 2.* appFs .* parameter(l).* Kc.* alphas.”2./ parameter (31);
end
plot (appTOTs, fitteds, 'k- ', 'LineWidth', 2)
xlabel ('APP_{Tot} (nM)', 'interpreter', 'latex');
ylabel ('sAPP \alpha (fmol/ h)', 'interpreter',6 'latex')
x1im ([0 400]
ylim ([0 2507])

figure (7000+ loop)
plot (xdatas8P, ydataBs8, 'k.', 'MarkerSize', 10)

hold on
if (appraoch==7)
fittedls = appFs .* parameter(4).* parameter (51)./ (parameter (61)+ appFs);
elseif (appraoch==99
fittedls = 2.* appFs .* parameter(4).* Kb.* betas.”2./ parameter (61);
end

plot (appTOTs, fittedls, 'k- ', 'LineWidth', 2)

xlabel ('APP_{Tot} (nM)', 'interpreter', 'latex');
ylabel ('sAPP \beta (fmol/ h)', 'interpreter', 'latex')
x1im ([0 400]

ylim ([0 12])
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%% Record the estimated paramters into the text file

% (1 residue + 11 parameters = 12 variables)

fprintf (fid,

'$12.12f $12.12f $12.12f %12.12f %12.12f %12.12f %12.12f %$12.12f %12.12f %12.12f %12.12f %12.12f\n"',
resi, parameter(l), parameter(2), parameter(3), parameter(4), parameter(5), parameter(6), s, Ks,
Ka, Kb, Kc):

%% 1ncrement to the next loop
loop=loop+ 1;

09000000000000000000000000000000000000000000000000000000000000000000000000
R R R R R R L R R R R E R R R R R R E R R R R R E R E R L R R R R R R bR

oo ;

3% Subroutince to calculate the sum of squared of error by Least Square Method
09000000000000000000000000000000000000000000000000000000000000000000000000

R R R R R R R R R R R R E R R R R R R R R LR R R E R E R L R R L R R LR
function err = mycurve (p)

%% initial assumptions:
% Initialization of vectors for the computed amount of free APP in the presence and absence of SORLA
% without SORLA
P = xdata8(:, 1);
w=length (P);
appFSOLVE=zeros (1, w);
% with SORLA
Ps = xdatas8(:, 1);
ws=length (Ps) ;
appFSOLVEs=zeros (1, ws);



o

% Unless specified otherwise, p(i)=parameter (i) where i={1,2,...,15}
if (appraoch==7)
s=p(7); Ks=p(8); Atot=p(2); Kma=p(3); Btot=p(5); Kmb=p (6) ;
elseif (appraoch==99
s=p(7); Ks=p(8); Ka=p(9); Kb=p(1l0); Kc=p (11l); Kma=p(3); Kmb=p(6);
Atot=p(2) ;%2* Atot
Btot=p(5);%2* Btot

end
%% solve for free APP (See Equations 3.4 and 3.11)
% without SORLA
for j=1l:w
if (appraoch==7)
func=@ (appF) (appF.* (1+ (p(2)./ (p(3)+ appF))+ (p(5)./ (p(6)+ appF))) - P(J, 1));

elseif (appraoch==99

func=@ (appF) (appF+ (2.* Ka.* (appF.”2)).* (1 + ((- 1+ sgrt(l.”2+ (8.* Kc.* (l+ Ka.* appF."2./
p(3)).* p(2))))./ (4.* Kc * (1+ Ka.* appF.”2./ p(3))))./ p ((- 1+ sqrt(l.”2+ (8.* Kb.* (1+ Ka.*
appF."2./ p(6)).* p(5 ./ (4.* Kb.* (1+ Ka.* appF.”2./ p(6))))./ p(6)) - =xdata8(j, 1));
end
appFSOLVE (1, j)=fzero(func, [0 P(j)], optimset('fzero'));
end

% with SORLA
for js=l:ws
if (appraoch==7)

funcs=Q@ (appFs) (appFs.* (1+ (Atot./ (Kma+ appFs))+ (Btot./ (Kmb+ appFs))+ s./ (Ks+ appFs)) -
s(js, 1));
elseif (appraoch==99

funcs=@ (appFs) (appFs.* (1+ s./ (Ks+ appFs))+ (2.* Ka.* (appFs.”2)).* (1 + ((- 1+ sqgrt(l.”2+
(8.* Kc.* (1+ Ka.* appFs.”2./ p(3)).* p(2))))./ (4.* Kc.* (1+ Ka.* appFs.”2./ p(3))))./ p(3)+ ((- 1+
sqrt(1.72+ (8.* Kb.* (1+ Ka.* appFs.”2./ p(6)).* p(5))))./ (4.* Kb.* (1+ Ka.* appFs.”2./ p(6))))./
p(6))- =xdatas8(js, 1));
end
appFSOLVEs (1, js)=fzero(funcs, [0 Ps(js)], optimset('fzero'));
end
% amount of free APP
appF=appFSOLVE' ;
appFs=appFSOLVEs';

%% solve for secretases (See Equations 3.12 and 3.13)

if (appraoch==99)

alpha=(- 1+ sgrt(1.72+ (8.* Kc.* (1+ Ka.* appF.”2./ p(3)).* p(2))))./ (4.* Kc.* (1+ Ka.* appF."2./
p(3)));

beta =(- 1+ sqrt(l.”2+ (8.* Kb.* (1+ Ka.* appF.”2./ p(6)).* p(5))))./ (4.* Kbo.* (1+ Ka.* appF."2./
p(6)));

alphas=(- 1+ sqrt(l.”2+ (8.* Kc.* (1+ Ka.* appFs.”2./ Kma).* Atot)))./ (4.* Kc.* (1+ Ka.* appFs.”2./
Kma)) ;

betas =(- 1+ sqgrt(l.”2+ (8.* Kb.* (1+ Ka.* appFs.”2./ Kmb).* Btot)))./ (4.* Kb.* (1+ Ka.* appFs.”2./

Kmb) ) ;

end
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$% fitting to the experimental data (See Equations 3.7 and 3.15)

$without SORLA

if (appraoch==7)

(p(3) + appF);

fitl = appF .* )./
./ (p(6)+ appF);

P .
fit2 = appF .* p(4).* p(5)
elseif (appraoch==99
fitl = 2.* appF .* p(l).* Kc.* alpha.”2./ p(3
fit2 = 2.% appF .* p(4).* Kb.* beta.”2./ p(6);
end
Swith SORLA
if (appraoch==7)
fitls = appFs .* p(l).* Atot./ (Kma + appFs);
fit2s = appFs .* p(4).* Btot./ (Kmb+ appFs);
elseif (appraoch==99
fitls = 2.* appFs .* p(l).* Kc.* alphas.”2./ Kma;

fit2s = 2.* appFs .* p(4).* Kb.* betas.”2./ Kmb;
end
% RECALL: w and ws denote the number of experimental data without and with SORLA, respectively
errll = (fitl - data(:, 2))./ sqgrt((sum(data(:, ./ W)
err22 = (fit2 - data(:, 3))./ sqgrt((sum(data(:, ./ w) ;
errlls = (fitls - datas(:, 2)) ./ sqrt((sum(datas(., )) ./ ws
err22s = (fit2s - datas(:, 3)) ./ sgrt((sum(datas(:, )) ./ ws

errWO= [errll, err22];
errW= [errlls, err22s];
% error vector
err=vertcat (errWO, errW);
end end



Single-compartmental model Il

(For Sections 3.3 - with both monomeric and dimeric forms of APP)

function SingleCompartmentModel?2

%% clear screen
clc

%% global variables
global data;

global datas;
global Parameter;

o
56

load experimental data
PREdata= load('CHO.txt'); %Swithout SORLA

PREdatas= load('CHO S.txt'); %with SORLA

Choices
% 12: local estimation of parameter values - affect Kma of both monomer and dimer
% 13: local estimation of parameter values - affect Kmb of both monomer and dimer
% 14: global estimation of parameter values

choice=13;

%% open file to record parameter values that will be estimated
if (choice==12)

fid = fopen('SingleCompartmentBoth localKma.txt', tat');
elseif (choice==13)

fid = fopen('SingleCompartmentBoth localKmb.txt', Tat');
elseif (choice==14)

fid = fopen('SingleCompartmentBoth global.txt', tat');
end

%% sort experimental data according to the total amount of APP measured in the experiments
data = sortrows (PREdata, 1); %without SORLA
datas = sortrows (PREdatas, 1); %with SORLA

data sets
$without SORLA
xdata = data(:, 1).* 50; %convert total APP from nM into fmol

ydataA = data(:, 2);%sAPPa

ydataB = data(:, 3); %sAPPb

% with SORLA

xdatas = datas(:, 1) .* 50; %Sconvert total APP from nM into fmol
ydataAs = datas(:, 2);%sAPPa

ydataBs = datas(:, 3); %sAPPb

% back up vectors of the experimental data
xdata8=xdata;

ydataA8=ydataA;

ydataB8=ydataB;

xdata8s=xdatas;

ydataA8s=ydataAs;

ydataB8s=ydataBs;

% a copy of vector APP in nM for plotting purpose
xdata8P= data(:, 1);

xdata8sP= datas(:, 1);

for row=1:500

%% initial parameter values
% for dimer processing
k6d=100* rand(1);

Kmad=100* rand(1);

k4d=100* rand(1l);

Kmbd=100* rand(1);

% for monomer processing
k6=100* rand(1);

Kma=100* rand(1l);

k4=100* rand(1);

Kmb=100* rand(1l);

% shared by both processing



Atot=100* rand(

)i
Btot=100.* rand(l);
Ka=100* rand(1);

Kb=100* rand(1l
Kc=100* rand(1l
sor=100* rand(

1 $total amount of alpha-secretase

%total amount of beta-secretase

$constant ratio for APP dimerization

; %constant ratio for beta dimerization
%constant ratio for alpha dimerization

%$SORLA

;%dissociation constant of SORLA and APP

tune=100* rand
tune2=100* ran

%variable that may varies for local estimation of Km values

)i
)i
1)
Ksor=100* rand(1l)
(1)
d(1l);%variable that may varies for local estimation of Km values

o

%% call the nonlinear least square function lsgnonlin ()

options = optimset ('PrecondBandWidth', 0);

if (choice==12 || choice==13)

[Parameter, resi] = lsgnonlin(@mycurve, [Atot, Btot, kéd, Kmad, k4d, Kmbd, k6, Kma, k4, Kmb, Ka,
Kb, Kc, sor, Ksor, tune, tune2], [0 0 00 0O0OO0O0OO0O0O0OOOOGOOO], [1, options);

elseif (choice==14)

[Parameter, resi] = lsgnonlin(@mycurve, [Atot, Btot, ké6d, Kmad, k4d, Kmbd, k6, Kma, k4, Kmb, Ka,
Kb, K¢, sor, Ksor], [0 00O O0O0O0O0OOOOOOOOO], [], options);

end

$with SORLA (temporarily assignment

Parameter (101)=Parameter (1

Parameter (102) =Parameter (

Parameter (103) =Parameter (

Parameter (105) =Parameter (

Parameter (107)=Parameter (

Parameter (109) =Parameter (

Parameter (111)=Parameter (

Parameter (112)=Parameter (

Parameter (113)=Parameter (

if (choice==12)

Parameter (104)=Parameter (16) ; 3Kma dimer
Parameter (106) =Parameter (6) ; S Kmb dimer
Parameter (108) =Parameter (17); $Kma monomer
Parameter (110)=Parameter (10) ; 3Kmb monomer
elseif (choice==13)

Parameter (104)=Parameter (4) ; 3Kma dimer
Parameter (106)=Parameter (16) ; 3Kmb dimer
Parameter (108)=Parameter (8) ; $Kma monomer
Parameter (110)=Parameter (17) ; $Kmb monomer
elseif (choice==14)

Parameter (104)=Parameter (4) ; 3Kma dimer
Parameter (106)=Parameter (6) ; 3Kmb dimer
Parameter (108)=Parameter (8) ; $Kma monomer
Parameter (110)=Parameter (10) ; $Kmb monomer
end

Ka=Parameter
Kb=Parameter
Kc=Parameter
s=Parameter (
Ks=Parameter

—_ o~~~
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%% to check if there is negative parameter esti ated

if (s>0 && Ks>0 && Parameter (101)>0 && Parameter (102)>0 && Parameter (103)>0 && Parameter (104)>0 &&
Parameter (105)>0 && Parameter (106)>0 && Parameter (107)>0 && Parameter (108)>0 && Parameter (109)>0 &&
Parameter (110)>0 && Parameter (111)>0 && Parameter (112)>0 && Parameter (113)>0)

%% Mathematical representation

% See Equations 3.20 and 3.21 for monomer and dimer processing, respectively

appF= appFSOLVE';

appFs= appFSOLVEs';

datum= xdata8(:, 1);

datums= xdata8s(:, 1);

$without SORLA

alpha=(- appF.* Parameter (4) - Parameter(8).* Parameter(4) + sqrt((- appF.* Parameter (4) -
Parameter(8) .* Parameter(4)).”2 - 4.* Parameter(l).* Parameter(8).* Parameter(4).* (- 2.%*
appF.”2.* Ka.* Kc.* Parameter(8) - 2.* Kc.* Parameter(8).* Parameter(4))))./ (4.* (appF."2 .*
Ka.* Kc.* Parameter(8) + Kc.* Parameter(8).* Parameter(4)));

beta =(- appF.* Parameter (6) - Parameter (10).* Parameter(6) + sqrt((- appF.* Parameter(6) -
Parameter (10) .* Parameter (6)).”2 - 4.* Parameter (2).* Parameter (10).* Parameter (6).* (- 2.%
appF.”2.* Ka.* Kb.* Parameter(l10) - 2.* Kb.* Parameter(10).* Parameter(6))))./ (4.*
(appF.”2 .* Ka.* Kb.* Parameter(10) + Kb.* Parameter(1l0).* Parameter(6)));

appTOT=appF.* (l+ alpha./ Parameter(8)+ beta./ Parameter(10)) + (2.* Ka.* appF.”"2).* (1 + Kc.*
(alpha.”2)./ Parameter(4) + Kb.* (beta.”2)./ Parameter(6));

$with SORLA



alphas=(- appFs.* Parameter (104) - Parameter(108).* Parameter (104) + sqgrt((- appFs.* Parameter (104

- Parameter (108) .* Parameter(104)).”2 - 4.* Parameter(101l).* Parameter(108).* Parameter (104).*
(- 2.* appFs.”2.* Ka.* Kc.* Parameter(108) - 2.* Kc.* Parameter(108).* Parameter(104))))./
(4. (appFs.”2 .* Ka.* Kc.* Parameter(108) + Kc.* Parameter(108).* Parameter(104)));

betas =(- appFs.* Parameter (106) - Parameter(110).* Parameter (106) + sqgrt((- appFs.* Parameter (106
- Parameter (110) .* Parameter (106)).72 - 4.* Parameter(102).* Parameter(110).* Parameter(106).*
(- 2.* appFs.”2.* Ka.* Kb.* Parameter(110) - 2.* Kb.* Parameter(110).* Parameter(106))))./

(4. (appFs.”2 .* Ka.* Kb.* Parameter(110) + Kb.* Parameter(110).* Parameter(106)));
appTOTs=appFs.* (1+ s./ (Ks+ appFs) + alphas./ Parameter (108) + betas./ Parameter(110)) + (2.* Ka.*
appFs.”2).* (1 + Kc.* (alphas.”2)./ Parameter (104) + Kb.* (betas.”2)./ Parameter (106));

200 o
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check if the difference between the g
rement count if

the Difference is larger than the threshold value
free APPs is negative

90 o0 o o oe

Diff=abs (appTOT- datum) ;
Diffs=abs (appTOTs- datums) ;

u=length (appF) ;
us=length (appFs) ;
threshold = 0.00000001;

count=0;
count2=0;
for t=1l:u
if ( Diff(t) > threshold)
count = count + 1;
end

if (appF(t) < 0)
count2 = count2 + 1;
end
end
for ts=l:us
if ( Diffs(ts) > threshold)

count = count + 1;
end
if (appFs(ts) < 0)
count2 = count2 + 1;
end
end
% checkpoint: restart if count or count2 <0
if ((count >0) || (count2 >0))
continue;
else

999990000000000000000000000000
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% 3%%%%%% g 3%%%%%% 3%%%%
%% Plotting: plot the original data together with simulation results
% See Equations 3.22 and 3.23

99900
3%5%%

appTOT=appTOT./ 50; %convert back from fmol to nM for plotting
appTOTs=appTOTs./ 50; %convert back from fmol to nM for plotting
appTOT=vertcat (0, appTOT) ;

appTOTs=vertcat (0, appTOTs) ;

appFree=vertcat (0, appF):;

appFrees=vertcat (0, appFs);

alpha=vertcat (0, alpha);

beta=vertcat (0, beta);

alphas=vertcat (0, alphas);

betas=vertcat (0, betas);

appM=appFree;

appD=Ka.* (appFree.”2);

appMs=appfrees;

appDs=Ka.* (appFrees.”"2);

% without SORLA
figure (3000+ loop)

plot (xdata8P, ydataA8, 'k.', 'MarkerSize', 10)

hold on

fittedal = 2.* (appD).* (Kc.* (alpha.”2)).* Parameter(3)./ Parameter (4); %dimer
fitteda2 = (appM).* alpha.* Parameter(7)./ Parameter (8); %monomer

fittedalP = fittedal;

fitteda2P = fitteda2;

fitted = fittedalP+ fitteda2P;

plot (appTOT, fittedalP, 'g- ', 'LineWidth', 2)%dimer
plot (appTOT, fitteda2P, 'm- ', 'LineWidth', 2)%monomer
plot (appTOT, fitted, 'k- ', 'LineWidth', 2)

xlabel ('APP_{Tot} (nM)");



ylabel ('sAPP \backslashalpha (fmol/ h)")
x1im ([0 400]
ylim ([0 250])

figure (4000+ loop)
plot (xdata8P, ydataB8, 'k.', 'MarkerSize', 10)

hold on
fittedll = 2.* (appD).* (Kb.* (beta.”2)).* Parameter(5)./ Parameter (6); %dimer
fittedl2 = (appM).* beta.* Parameter(9)./ Parameter (10); %monomer

fittedllP = fittedll;

fittedl2P = fittedl?2;

fittedl=fittedl1lP+ fittedl2P;

plot (appTOT, fittedllP, 'g- ', 'LineWidth', 2)%dimer
plot (appTOT, fittedl2P, 'm- ', 'LineWidth', 2)%monomer
plot (appTOT, fittedl, 'k- ', 'LineWidth', 2)

xlabel ('APP {Tot} (nM)'");

ylabel ('sAPP \backslashbeta (fmol/ h)")

x1im ([0 400])

ylim([0 12])

% with SORLA
figure (6000+ loop)
plot (xdata8sP, ydataA8s, 'k.', 'MarkerSize', 10)

hold on
fittedals = 2.* (appDs).* (Kc.* (alphas.”2)).* Parameter(103)./ Parameter (104); %dimer
fitteda2s = (appMs).* alphas.* Parameter(107)./ Parameter (108); S%monomer

fittedalPs = fittedals;

fitteda2Ps = fittedals;

fitteds = fittedalPs+ fitteda2Ps;

plot (appTOTs, fittedalPs, 'g- ', 'LineWidth', 2)%dimer
plot (appTOTs, fitteda2Ps, 'm- ', 'LineWidth', 2)%monomer
plot (appTOTs, fitteds, 'k- ', 'LineWidth', 2)

xlabel ('APP_ {Tot} (nM)"');

ylabel ('sAPP \backslashalpha (fmol/ h)")

x1im ([0 400]

ylim ([0 2507])

figure (7000+ loop)
plot (xdata8sP, ydataB8s, 'k.', 'MarkerSize', 10)

hold on
fittedlls = 2.* (appDs).* (Kb.* (betas.”2)).* Parameter(105)./ Parameter (106); %dimer
fittedl2s = (appMs).* betas.* Parameter(109)./ Parameter (110); S%monomer

fittedllPs = fittedlls;

fittedl2Ps = fittedl2s;

fittedls=fittedllPs+ fittedl2Ps;

plot (appTOTs, fittedllPs, 'g- ', 'LineWidth', 2)%dimer
plot (appTOTs, fittedl2Ps, 'm- ', 'LineWidth', 2)%monomer
plot (appTOTs, fittedls, 'k- ', 'LinewWidth', 2)

xlabel ('APP {Tot} (nM)"');

ylabel ('sAPP \backslashbeta (fmol/ h)")

x1im ([0 400]

ylim ([0 127])
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estimated paramters into the text file
% (1 residue + 28 parameters = 29 variables)
fprintf (fid,

'$12.12f $12.12f %12.12f $12.12f %12.12f $12.12f %12.12f $12.12f %12.12f $12.12f %12.12f %$12.12f %12.1
2f $12.12f %$12.12f %12.12f %12.12f %12.12f %12.12f %12.12f %12.12f %12.12f %12.12f %12.12f %12.12f %12
.12f $12.12f %12.12f %$12.12f\backslashn', resi, Parameter (1), Parameter(2), Parameter (3),

Parameter (4), Parameter(5), Parameter (6), Parameter (7), Parameter(8), Parameter (9), Parameter (10)
Parameter (11), Parameter (12), Parameter (13), Parameter (101), Parameter(102), Parameter (103),
Parameter (104), Parameter (105), Parameter (106), Parameter (107), Parameter (108), Parameter (109)
Parameter (110), Parameter (111), Parameter (112), Parameter(113), s, Ks);

%% 1increment to the next loop
loop=loop+ 1;

end

end

end

fclose (fid);

function err

= mycurve (p)

%% initial assumptions:

% Unless specified otherwise, p(i)=Parameter (i) where i={1,2,...,15}
Ka=p (11);



Kb=p (12) ;
Kc=p (13);
s=p(14);

Ks=p (15);

%under the influence of SORLA

if (choice==12)%affect Kma monomer and dimer
Kma=p (17) ;

Kmad=p (16) ;

Kmb=p (10) ;

Kmbd=p (6) ;

elseif (choice==13)%affect Kmb monomer and dimer
Kma=p (8) ;

Kmad=p (4) ;

Kmb=p (17) ;

Kmbd=p (16) ;

elseif (choice==14)%affect nothing

Kma=p (8) ;

Kmad=p (4) ;

Kmb=p (10) ;
Kmbd=p (6) ;
end

% Initialization of vectors for the computed amount of free APP in the presence and absence of SORLA
% without SORLA

P = xdata8(:, 1);

w=length (P);

appFSOLVE=zeros (1, w);

% with SORLA

Ps = xdata8s(:, 1);

ws=length (Ps) ;

appFSOLVEs=zeros (1, ws);

%% SOLVE for free APP given the total amount of APP (without SORLA): see Equations 3.20 and 3.21
for j=1l:w

func=@ (appF) (appF.* (1+ ((- appF.* p(4) - p(8).* p(4) + sqgrt((- appF.* p(4) - p(8).* p(4))."2 -
4.% p(l).* p(8).* p(4).* (- 2.* appF.”2.* Ka.* Kc.* p(8) - 2.* Kc.* p(8).* p(4))))./ (4.*
(appF."2 .* Ka.* Kc.* p(8) + Kc.* p(8).* p(4))))./ p(8)+ ((- appF.* p(6) - p(l0).* p(6) +
sgrt ( (- appF.* p(6) - p(l0).* p(6))."2 - 4.* p(2).* p(l0).* p(6).* (- 2.* appF.”2.* Ka.*
Kb.* p(l0) - 2.* Kb.* p(l0).* p(6))))./ (4.* (appF.”2 .* Ka.* Kb.* p(l0) + Kb.* p(l0).~*
p(6))))./ p(10)) + (2.* Ka.* appF.”"2).* (1 + Kc.* (((- appF.* p(4) - p(8).* p(4) + sqgrt((- appF.*
p(4) - p(8).* p(4)).72 - 4.* p(l).* p(8).* p(4).* (- 2.* appF.”"2.* Ka.* Kc.* p(8) - 2.*%
Kc.* p(8).* p(4))))./ (4.* (appF.”2 .* Ka.* Kc.* p(8) + Kc.* p(8).* p(4))))."2)./ p(4) + Kb.*
(((= appF.* p(6) - p(l0).* p(6) + sqgrt((- appF.* p(6) - p(l0).* p(6))."2 - 4.* p(2).* p(l0).*
p(6).* (- 2.* appF.”2.* Ka.* Kb.* p(l0) - 2.* Kb.* p(l0).* p(6))))./ (4.* (appF.”2 .* Ka.*
Kb.* p(l10) + Kb.* p(l0).* p(6))))."2)./ p(6)) - =xdata8(j, 1));

appFSOLVE (1, j)=fzero(func, [0 P(j)], optimset('fzero'));

end

%% SOLVE for free APP given the total amount of APP (with SORLA): see Equations 3.20 and 3.21
for js=l:ws

funcs=@ (appFs) (appFs.* (1+ ((- appFs.* Kmad - Kma.* Kmad + sqgrt((- appFs.* Kmad - Kma.* Kmad)."2 -
4.* p(l).* Kma.* Kmad.* (- 2.* appFs.”2.* Ka.* Kc.* Kma - 2.* Kc.* Kma.* Kmad)))./ (4.*
(appFs.”2 .* Ka.* Kc.* Kma + Kc.* Kma.* Kmad)))./ Kma+ ((- appFs.* Kmbd - Kmb.* Kmbd + sqgrt((-
appFs.* Kmbd - Kmb.* Kmbd)."2 - 4.* p(2).* Kmb.* Kmbd.* (- 2.* appFs.”2.* Ka.* Kb.* Kmb -
2. Kb.* EKmb.* Kmbd)))./ (4.% (appFs.”2 .* Ka.* Kb.* Kmb + Kb.* Kmb.* Kmbd)))./ Kmb) + (2.*
Ka.* appFs.”2).* (1 + Kc.* (((- appFs.* Kmad - Kma.* Kmad + sqgrt((- appFs.* Kmad - Kma.* Kmad)."2
- 4.* p(l).* Kma.* Kmad.* (- 2.* appFs.”2.* Ka.* Kc.* Kma - 2.* Kc.* Kma.* Kmad)))./ (4.*
(appFs.”2 .* Ka.* Kc.* Kma + Kc.* Kma.* Kmad))).”2)./ Kmad + Kb.* (((- appFs.* Kmbd - Kmb.*
Kmbd + sqgrt((- appFs.* Kmbd - Kmb.* Kmbd)."2 - 4.%* p(2).* Kmb.* Kmbd.* (- 2.* appFs.”2.*

Ka.* Kb.* Kmb - 2.* Kb.* Kmb.* Kmbd)))./ (4.* (appFs.”2 .* Ka.* Kb.* Kmb + Kb.* Kmb.*
Kmbd))).”2)./ Kmbd) + appFs.* s./ (Ks+ appFs) - xdata8s(js, 1));

appFSOLVEs (1, js)=fzero(funcs, [0 Ps(js)], optimset('fzero'));

end

app=appFSOLVE';

apps=appFSOLVEs"';

a°

% solve for secretases (see Equations 3.21)
% without SORLA

alpha=(- app.* p(4) - p(8).* p(4) + sgrt((- app.* p(4) - p(8).* p(4))."2 - 4.* p(l).*
p(8).* p(4).* (- 2.* app.”2.* Ka.* Kc.* p(8) - 2.* Kc.* p(8).* p(4))))./ (4.*

(app.”2 .* Ka.* Kc.* p(8) + Kc.* p(8).* p(4)));

beta =(- app.* p(6) - p(10).* p(6) + sgrt((- app.* p(6) - p(l0).* p(6)).”2 - 4.* p(2).*
p(10).* p(6).* (- 2.* app.”2.* Ka.* Kb.* p(l0) - 2.* Kb.* p(l0).* p(6))))./ (4.*

(app.”2 .* Ka.* Kb.* p(l0) + Kb.* p(l0) .* p(6)));
$without SORLA



alphas=(- apps.* Kmad - Kma.* Kmad + sqrt((- apps.* Kmad - Kma.*
Kma . * Kmad.* (- 2.%* apps.”2.* Ka.* Kc.* Kma - 2.* Kc.* Kma . *
( apps.”2 .* Ka.* Kc.* Kma + Kc.* Kma . * Kmad) ) ;

betas =(- apps.* Kmbd - Kmb.* Kmbd + sqrt((- apps.* Kmbd - Kmb. *
Kmb . * Kmbd.* (- 2.%* apps.”2.* Ka.* Kb.* Kmb - 2.* Kb.* Kmb . *

( apps.”2 .* Ka.* Kb.* Kmb + Kb.* Kmb . * Kmbd) ) ;
% amount of free APP in monomer and dimer processing
app=appFSOLVE';

apps=appFSOLVEs"';

appMon=app;

appDim=Ka.* (app.”"2);

appMons=apps;

appDims=Ka.* (apps.”"2);

fitting to the experimental data
% without SORLA for dimer processing
fitll =2.* (appDim) .* Kc.* (alpha.”2).* p
fit2l= 2.* (appDim) .* Kb.* (beta.”2).* p(
% without SORLA for monomer processing

(3)./ p
5)./ p(
fitl2 = appMon .* alpha.* p(7)./ p(8);% sAPPa
fit22= appMon .* Dbeta.* p(9)./ p(10);% sAPPb

% sum of products w/o SORLA in monomer and dimer
fitl = (fitll+ £itl2); % sAPPa

fit2 = (fit21+ £it22); % sAPPb

% with SORLA for dimer processing

fitlls =2.* (appDims) .* Kc.* (alphas.”2).*

fit2ls= 2.* (appDims) .* Kb.* (betas.”2).* p
% with SORLA for monomer processing

fitl2s = appMons .* alphas.* p(7)./ Kma;% sAPPa
fit22s = appMons .* betas.* p(9)./ Kmb;% sAPPb

% sum of products w/ SORLA in monomer and dimer
fitls = (fitlls+ fitl2s); sAPPa

fit2s = (fit21s+ fit22s); sAPPb

5
5

% RECALL: w and ws denote the number of experimental data without and with SORLA,

errll = (fitl - data(:, 2))./ sgrt((sum(data(:, 2))./ w));

err22 = (fit2 - data(:, 3))./ sgrt((sum(data(:, 3))./ w));
errlls = (fitls - datas(:, 2)) ./ sgrt((sum(datas(:, 2))./ ws));
err22s = (fit2s - datas(:, 3)) ./ sgrt((sum(datas(:, 3))./ ws));
% error vector

err=vertcat (errll, err22, errlls, err22s);

end

end

Kmad) .2 - 4.* Atot.*

Kmad))) ./ (4.*

Kmbd) .2 - 4.~* Btot.*

Kmbd))) ./ (4.*
respectively



Multi-compartmental model

(For Sections 4.2 — compartmental model with both monomeric and dimeric
forms of APP)

function MultiCompartmentalModel

% clear screen
lc

Q oe

%% declare global variables
global data;

global datas;

global Parameter;

%% load experimental data
PREdata= load('CHO.txt'); %Swithout SORLA

PREdatas= load('CHO S.txt'); Swith SORLA

%% open file to record parameter values that will be estimated
fid = fopen('MultiCompartmentalModel.txt', 'at');

2999909
5%5%%%%

rding to the t
ithout SORLA

o oo
35%%5%%5%5%%5%%%%
otal amount of

sort experimental data acc
data = sortrows (PREdata,l); %
datas = sortrows (PREdatas,1l); %with SORLA

= O

%% data sets

$without SORLA

xdata = data(:,1).* 50;%convert total APP from nM into fmol
ydataA = data(:,2);%sAPPa

ydataB = data(:,3); %sAPPb

% with SORLA

xdatas = datas(:,1) .* 50;%convert total APP from nM into fmol
ydataAs = datas(:,2);%sAPPa

ydataBs = datas(:,3); %sAPPb

% back up vectors of the experimental data

xdata8=xdata;

ydataA8=ydataA;

ydataB8=ydataB;

xdata8s=xdatas;

ydataA8s=ydataAs;

ydataB8s=ydataBs;

% a copy of vector APP in nM for plotting purpose

xdata8P= data(:,1);

xdata8sP= datas(:,1);

5555555555555 5550555555555 55%5555%555%%5%%5%5%%5%5%5%%5%5%%5%5%%
%% initial loop

loop=1;

%% row denotes the number of repetitions

for row=1:500

tempflag=row

%% In the process of parameter estimation, the following are assumed

% % Kc3 denotes Kc3.* (Kc2.72)from mathematical model in Section~\ref{sec:MultiCompartmentmodel}
% % Kb3 denotes Kb3.* (Kb2.”2) from mathematical model in Section~\ref{sec:MultiCompartmentmodel}
% % Kg3 denotes Kg3.* (Kg2.”2) from mathematical model in Section~\ref{sec:MultiCompartmentmodel}
% % Kcsl denotes Kcsl.* Kgl from mathematical model in Section~\ref{sec:MultiCompartmentmodel}

% % Kcs2 denotes Kcs2.* (Kg3.* (Kg2.72)) from mathematical model in
Section~\ref{sec:MultiCompartmentmodel}

% % Keel denotes Keel.* (Kcsl.* Kgl) from mathematical model in Section~\ref{sec:MultiCompartmentmodel}
% % Kee2 denotes Kee2.* (Kcs2.* Kg3.* (Kg2.72)) from mathematical model in
Section~\ref{sec:MultiCompartmentmodel}

% % Ksl denotes Ksl.* Kgl from mathematical model in Section~\ref{sec:MultiCompartmentmodel}

% % Ks2 denotes Ks2.* Kg2 from mathematical model in Section~\ref{sec:MultiCompartmentmodel}

oo
il

oo
il
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initial parameter values

Atot=100* rand(l); Btot=100* rand(1l);

k6d=100* rand(l); Kmad=100* rand(l); %k4d=100* rand(l); Kmbd=100* rand(1l);
k6=100* rand(1); Kma=100* rand(1l); k4=100* rand(1l); Kmb=100* rand(1);
Kgl=100* rand(l); Kg2=100* rand(1l);

Kcsl=100* rand(1l); Kcs2=100* rand(l); Keel=100* rand(l); Kee2=100* rand(l);
Kcl1l=100* rand(l); Kc2=100* rand(1l);

;



Kpbl=100* rand(l); Kb2=100* rand(l);
Kg3=100* rand(l); Kc3=100* rand(l); Kb3=100* rand(l);
Ks1=100* rand(l); Ks2=100* rand(l); SORtotm=100* rand(l); SORtotd=100* rand(l);

a0

a0

call the nonlinea east square functlon lsqnonlln(
options = optimset ('PrecondBandWidth',0);

%27 parameters all in all

[Parameter, resi] = lsgnonlin (@mycurve, [Atot, Btot, kéd, Kmad, k4d, Kmbd, k6, Kma, k4, Kmb, Kgl, Kg2,
Kcsl, Kcs2, Keel, Kee2, Kcl, Kc2, Kbl, Kb2, Kg3, Kc3, Kb3, Ksl, Ks2, SORtotm, SORtotd],[0 O 0 0 0 0 O
000000O0DO0OO0OOOOOOOOOOOO0],[],options)

Atot=Parameter (1l); Btot=Parameter (2);
ko6d=Parameter (3) ; Kmad=Parameter (4) ; k4d=Parameter (5) ; Kmbd=Parameter (6) ;
k6=Parameter (7); Kma=Parameter (8) ; k4=Parameter (9) ; Kmb=Parameter (10) ;

Kgl=Parameter (11 Kg2=Parameter (12

) ; Keel=Parameter (15); Kee2=Parameter (16);

)i )i
Kcsl=Parameter (13); Kcs2=Parameter (14
Kcl=Parameter (17); Kc2=Parameter (18); Kbl=Parameter (19); Kb2=Parameter (20);
Kg3=Parameter (21); Kc3=Parameter (22); Kb3=Parameter (23);
Ksl=Parameter (24); Ks2=Parameter (25); SORtotm=Parameter (26); SORtotd=Parameter (27);

$% to check if there is negative parameter estimated
if (Parameter(l)>0 && Parameter(2)>0 && Parameter (3)>0 && Parameter(4)>0 && Parameter (5)>0 &&

Parameter (6) >0 && Parameter (7)>0 && Parameter (8)>0 && Parameter (9)>0 && Parameter (10)>0 &&

&& Parameter (12)>1 && Parameter(13)>0 && Parameter (14)>0 && Parameter (15)>0 &&

&& Parameter (17)>1 && Parameter(18)>1 && Parameter (19)>1 && Parameter (20)>1 &&

&& Parameter (22)>0 && Parameter (23)>0 && Parameter (24)>0 && Parameter (25)>0 &&

&& Parameter (27)>0 )
%% Mathematical representation
APP= appFSOLVE'; $APP init solved given APP tot w/ o SORLA
APPms= appFSOLVEms'; %APPms * Kgl denotes APP_Gl in the presence of SORLA
APPds= appFSOLVEds'; %APPds * Kg2 denotes APP_G2 in the presence of SORLA
datum= xdata8(:,1);
datums= xdata8s(:,1);
% Recall that
% Kc3 = Kc3.* (Kc2.72)
% Kb3 = Kb3.* (Kb2."2)
% Kg3 = Kg3.* (Kg2."2)
% Kcsl = Kecsl.* Kgl
% Kcs2 = Kcs2.* (Kg3.* (Kg2.72))
% Keel = Keel.* (Kcsl.* Kgl)
% Kee2 = Kee2.* (Kcs2.* Kg3.* (Kg2.72))
% Ksl = Ksl.* Kgl
% Ks2 = Ks2.* Kg2
%% without SORLA
% alpha denotes alpha init
% beta denotes beta init
% appTOT denotes APP init
% see Equations 4.17
alpha = (- (1+ Kc2+ Kcl.* (1+ Kcsl.* APP./ Kma)) + sqrt((l+ Kc2+ Kcl.* (1+ Kcsl.* APP./ Kma))."2-
4.*% (2.*% Kc3.* (1+ Kcs2.* APP."2./ Kmad)).* (- Atot)))./ (2.* (2.* Kc3.* (1+ Kcs2.* APP.”2./ Kmad)));
% see Equations 4.18
beta = (- (1+ Kb2+ Kbl.* (1+ Keel.* APP./ Kmb)) + sqrt((l+ Kb2+ Kbl.* (1+ Keel.* APP./ Kmb))."2-
4.% (2.*% Kb3.* (1+ Kee2.* APP.”2./ Kmbd)).* (- Btot)))./ (2.* (2.* Kb3.* (1+ Kee2.* APP."2./ Kmbd)));
% see Equations 4.15
appTOT = APP.* (1+ Kgl+ Kg2+ Kcsl.* (1+ Kcl.* ((- (1+ Kc2+ Kcl.* (1+ Kcsl.* APP./ Kma)) + sqrt((l+
Kc2+ Kcl.* (1+ Kcsl.* APP./ Kma)).”2- 4.* (2.* Kc3.* (1+ Kcs2.* APP.”2./ Kmad)).* (- Atot)))./ (2.*
(2.* Kc3.* (1+ Kcs2.* APP."2./ Kmad))))./ Kma)+ Keel.* (1+ Kbl.* ((- (1+ Kb2+ Kbl.* (1+ Keel.* APP./
Kmb)) + sgrt((l+ Kb2+ Kbl.* (1+ Keel.* APP./ Kmb))."2- 4.* (2.* Kb3.* (1+ Kee2.* APP.”2./ Kmbd)).* (-
Btot)))./ (2.* (2.* Kb3.* (1+ Kee2.* APP."2./ Kmbd))))./ Kmb))+ ... Smonomer processing
2.*% (APP."2).* (Kg3+ Kcs2.* (1+ Ke3.* (((- (1+ Kc2+ Kcl.* (1+ Kcsl.* APP./ Kma)) + sqgrt((l+ Kc2+
Kcl.* (1+ Kecsl.* APP./ Kma)).”2- 4.* (2.* Kc3.* (1+ Kcs2.* APP.”2./ Kmad)).* (- Atot)))./ (2.* (2.*
Ke3.* (1+ Kes2.* APP."2./ Kmad))))."2)./ Kmad)+ Kee2.* (1+ Kb3.* (((- (1+ Kb2+ Kbl.* (1+ Keel.* APP./
Kmb)) + sqgrt((l+ Kb2+ Kbl.* (1+ Keel.* APP./ Kmb))."2- 4.* (2.* Kb3.* (1+ Kee2.* APP.”2./ Kmbd)).* (-

Btot)))./ (2.* (2.* Kb3.* (1+ Kee2.* APP."2./ Kmbd))))."2)./ Kmbd)); %dimer processing 1

% with SORLA

alphams.* Kcl = alpha 1

alphads.* Kc2 = alpha 2

betams.* Kbl = beta 1

betads.* Kb2 = beta 2

Atotms and Atotds denote the conserved amount of alpha in monomer and in dimer, repectively
Btotms and Btotds denote the conserved amount of beta in monomer and in dimer, repectively

90 90 dO d° d° o° o



o
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see Equations 4.19 and 4.21

alphams = Atotms./ (Kcl.* (1+ Kcsl.* APPms./ Kma));
alphads = (- Kc2 + sqrt(Kc2.72- 4.* (2.* Kc3.* (1+ Kcs2.* (APPds.”2)./ Kmad)).*
Ke3.* (1+ Kes2.* (APPds.”2)./ Kmad));
betams = Btotms./ (Kbl.* (1+ Keel.* APPms./ Kmb));
betads = (- Kb2 + sqgrt(Kb2.72- 4.* (2.* Kb3.* (1+ Kee2.* (APPds.”2)./ Kmbd)).*
Kb3.* (1+ Kee2.* (APPds.”2)./ Kmbd));
appTOTms = APPms.* (Kgl+ Kcsl.* (1+ Kcl.* alphams./ Kma)+ Keel.* (1+ Kbl.* betams
(SORtotm./ (1+ Ksl.* APPms)).* APPms;
appTOTds = Kg2.* APPds + 2.* (APPds.”2).* (Kg3+ Kcs2.* (1+ Kc3.* (alphads.”2)
Kb3.* (betads.”2)./ Kmbd))+ Ks2.* (SORtotd./ (1+ Ks2.* APPds)).* APPds;
appTOTs = APP+ appTOTms+ appTOTds;

ck if the difference between the giwv

ement count if

the Difference is larger than the threshold value
free APPs is negative

Diff=abs (appTOT- datum) ;

Diffs=abs (appTOTs- datums) ;

u=length (APP) ;

us=length (APPms) ;

threshold = 0.00000001;
count=0;
count2=0;
for t=1l:u
if ( Diff(t) > threshold)
count = count + 1;
end
if (APP(t) < 0)
count2 = count2 + 1;
end
end
for ts=l:us
if ( Diffs(ts) > threshold)
count = count + 1;
end
if (APPms (ts) < 0)
count2 = count2 + 1;
end
if (APPds(ts) < 0)
count2 = count2 + 1;
end
end

restart if count or count2 <0

|| (count2 >0))

% checkpoint:
if ((count >0)

continue;
else

appTOT=appTOT./ 50; %convert back from fmol to nM
appTOTs=appTOTs./ 50; %convert back from fmol to nM
appTOT=vertcat (0, appTOT) ;
appTOTs=vertcat (0, appTOTs) ;
appFree=vertcat (0, APP);
appFreems=vertcat (0, APPms) ;
appFreeds=vertcat (0, APPds) ;
alpha=vertcat (0, alpha);

beta=vertcat (0,beta);

alphams=vertcat (0, alphams) ;
alphads=vertcat (0, alphads) ;
betams=vertcat (0, betams) ;

betads=vertcat (0,betads) ;

appM=appfFree;

appD= (appFree.”2) ;

appMs=appFreems;

appDs= (appFreeds.”"2) ;

©

without SORLA

(- Atotds)))./ (4.*
(- Btotds)))./ (4.*
./ Kmb))+ Ksl.*

./ Kmad)+ Kee2.* (1+



figure (3000+ loop)
plot (xdata8P,ydataA8, 'k."', '"MarkerSize',10)

hold on
fittedal = 2.* (Kcs2.* appD).* (Kc3.* (alpha.”2)).* k6d./ Kmad; % sAPPa in dimer processing
fitteda2 = (Kcsl.* appM).* (Kcl.* alpha).* k6./ Kma; % sAPPa in monomer processing

fittedalP = fittedal;

fitteda2p = fitteda2;

fitted = fittedalP+ fittedal2P;

plot (appTOT, fittedalP, 'g- ', 'LineWidth',2) $dimer
plot (appTOT, fitteda2P, 'm~ ', 'LineWidth',2) $monomer
plot (appTOT, fitted, 'k- ', 'LineWidth',2)

xlabel ('APP {Tot} (nM)'");

ylabel ('sAPP \backslash alpha(fmol/ h)");

x1im ([0 40017)

ylim([0 250])

figure (4000+ loop)

plot (xdata8P,ydataB8, 'k."', '"MarkerSize',10)

hold on

fittedll = 2.* (Kee2.* appD).* (Kb3.* (beta.”2)).* k4d./ Kmbd; %sAPPb in dimer processing
fittedl2 = (Keel.* appM).* (Kbl.* beta).* k4./ Kmb; %$sAPPb in monomer processing
fittedllP = fittedll;

fittedl2P = fittedl2;

fittedl=fittedllP+ fittedl2P;

plot (appTOT, fittedllP, 'g- ', 'LineWidth',2) %dimer

plot (appTOT, fittedl2P, 'm~ ', 'LineWidth',2) $monomer

plot (appTOT, fittedl, 'k- ', 'LineWidth',2)

xlabel ('APP {Tot} (nM)"');

ylabel ('sAPP \backslashbeta (fmol/ h)');

x1lim ([0 400]

ylim ([0 127)

% with SORLA
figure (6000+ loop)
plot (xdata8sP,ydataA8s, 'k.', '"MarkerSize',10)

hold on
fittedals = 2.* (Kcs2.* appDs).* (Kc3.* (alphads.”2)).* k6d./ Kmad; %sAPPa in dimer processing
fitteda2s = (Kcsl.* appMs).* (Kcl.* alphams).* k6./ Kma; %sAPPa in monomer processing

fittedalPs = fittedals;

fitteda2Ps = fittedals;

fitteds = fittedalPs+ fittedal2Ps;

plot (appTOTs, fittedalPs, 'g- ', 'LineWidth',2)%dimer
plot (appTOTs, fitteda2Ps, 'm- ', 'LineWidth',2) $monomer
plot (appTOTs, fitteds, 'k- ', 'LineWidth',2)

xlabel ('APP_{Tot} (nM)");
ylabel('sAPPi\backslashalpha(fmol/ h)");

x1im ([0 400]

ylim ([0 250])

figure (7000+ loop)

plot (xdata8sP,ydataB8s, 'k.', '"MarkerSize',10)

hold on

fittedlls 2.* (Kee2.* appDs).* (Kb3.* (betads.”2)).* k4d./ Kmbd; %sAPPb in dimer processing
fittedl2s = (Keel.* appMs).* (Kbl.* betams).* k4./ Kmb; %sAPPb in monomer processing
fittedllPs = fittedlls;

fittedl2Ps = fittedl2s;

fittedls=fittedl1lPs+ fittedl2Ps;

plot (appTOTs, fittedllPs, 'g- ', 'LineWidth',2) %dimer

plot (appTOTs, fittedl2Ps, 'm~ ', 'LineWidth', 2) $monomer

plot (appTOTs, fittedls, "k- ', 'LineWidth',2)

xlabel ('APP_{Tot} (nM)");

ylabel ('sAPP_ \backslashbeta (fmol/ h)');

x1im ([0 400]

ylim ([0 12])

fprintf(
'$12.12f %12.12f %12.12f %12.12f %12.12f %12.12f %12.12f %$12.12f %12.12f %12.12f %12.12f %12.12f %12.1
2f %12.12f %12.12f %$12.12f %12.12f %12.12f %12.12f %12.12f %12.12f %12.12f %12.12f %12.12f %12.12f %12
L12f %12.12f %12.12f\backslashn', resi, Atot, Btot, ké6d, Kmad, k4d, Kmbd, k6, Kma, k4, Kmb, Kgl, Kg2,
Kcsl, Kcs2, Keel, Kee2, Kcl, Kc2, Kbl, Kb2, Kg3, Kc3, Kb3, Ksl, Ks2, SORtotm, SORtotd);

%% increment to the next loop
loop=loop+ 1;

end
end
end



%% close the file that is opened earlier
fclose (fid);

functlon err = mycurve(p)

oo

3% initial assumptions:

Atot=p(1l); Btot=p(2); k6d=p (3) ; Kmad=p (4) ; k4d=p (5) ; Kmbd=p (6) ; k6=p(7); Kma=p (8) ; k4=p (9)
Kmb=p (10); Kgl=p(ll); Kg2=p(1l2); Kcsl=p(1l3); Kcs2=p(l4); Keel=p(l5); Kee2=p(l6); Kcl=p(l7);
Kc2=p(18); Kbl=p(l9); Kb2=p(20); Kg3=p(21); Kc3=p(22); Kb3=p(23); Ksl=p (24); Ks2=p (25);

SORtotm=p (26); SORtotd=p (27) ;

ooc
550

o0

o

%% create a vector to
P = xdata8(:,1);
w=length (P);
appFSOLVE=zeros (1,w) ;
Ps = xdata8s(:,1);
ws=length (Ps) ;
appFSOLVEs=zeros(l ws) ;
appFSOLVEms=zeros (1,ws) ;
appFSOLVEds=zeros ( 1 ws) ;

;

%% SOLVE for free APP (i.e.\ APP init) given the total amount of APP (without SORLA): see Equations 4.15

for j=1:w

func=@ (APP) ( APP.* (1+ Kgl+ Kg2+ Kcsl.* (1+ Kcl.* ((- (1+ Kc2+ Kcl.* (1+ Kcsl.* APP./ Kma)) +

sqrt ((1+ Kc2+ Kcl.* (1+ Kcsl.* APP./ Kma))."2- 4.* (2.* Kc3.* (1+ Kcs2.* APP."2./ Kmad)).* (-
Atot)))./ (2.* (2.* Kc3.* (1+ Kcs2.* APP."2./ Kmad))))./ Kma)+ Keel.* (1+ Kbl.* ((- (1+ Kb2+ Kbl.* (1+
Keel.* APP./ Kmb)) + sqgrt((l+ Kb2+ Kbl.* (1+ Keel.* APP./ Kmb))."2- 4.* (2.* Kb3.* (1l+ Kee2.*
APP.”2./ Kmbd)).* (- Btot)))./ (2.* (2.* Kb3.* (1+ Kee2.* APP.”2./ Kmbd))))./ Kmb))+ 2.* (APP."2).%*
(Kg3+ Kcs2.* (1+ Ke3.* (((- (1+ Kc2+ Kcl.* (1+ Kesl.* APP./ Kma)) + sgrt((l+ Kc2+ Kcl.* (1+ Kesl.*
APP./ Kma))."2- 4.* (2.* Kc3.* (1+ Kcs2.* APP."2./ Kmad)).* (- Atot)))./ (2.* (2.* Kc3.* (1+ Kcs2.*
APP.”2./ Kmad)))).”2)./ Kmad)+ Kee2.* (1+ Kb3.* (((- (1+ Kb2+ Kbl.* (1+ Keel.* APP./ Kmb)) + sqrt((l+
Kb2+ Kbl.* (1+ Keel.* APP./ Kmb))."2- 4.* (2.* Kb3.* (1+ Kee2.* APP.”2./ Kmbd)).* (- Btot)))./ (2.%
(2.* Kb3.* (1+ Kee2.* APP."2./ Kmbd)))) ~2)./ Kmbd))- xdata8(j,1));

appFSOLVE (1, j)=fzero (func, [0 P( ],optlmset('fzero'));

end

a0

% SOLVE for free APP (init) given the total amount of APP (with SORLA)

Since the experimental data for APP_tot with and without SORLA are not measured in 1- 1
correspondence, thus in order to continue with the analysis of experimental data with SORLA, the
computation of APP_init done above is repeated for the experimental data with SORLA. Instead of
xdata8, xdata8s is used

90 o0 oo

o

for j=1l:ws

func=@ (APP) ( APP.* (1+ Kgl+ Kg2+ Kcsl.* (1+ Kcl.* ((- (1+ Kc2+ Kcl.* (1+ Kcsl.* APP./ Kma)) +

sqrt ((1+ Kc2+ Kcl.* (1+ Kcsl.* APP./ Kma))."2- 4.* (2.* Kc3.* (1+ Kcs2.* APP."2./ Kmad)).* (-
Atot))) ./ (2.* (2.* Kc3.* (1+ Kcs2.* APP."2./ Kmad))))./ Kma)+ Keel.* (1+ Kbl.* ((- (1+ Kb2+ Kbl.* (1+
Keel.* APP./ Kmb)) + sqgrt((l+ Kb2+ Kbl.* (1+ Keel.* APP./ Kmb))."2- 4.* (2.* Kb3.* (1l+ Kee2.*
APP.”2./ Kmbd)).* (- Btot)))./ (2.* (2.* Kb3.* (1+ Kee2.* APP.”2./ Kmbd))))./ Kmb))+ 2.* (APP."2).
(Kg3+ Kcs2.* (1+ Kc3.* (((-= (1+ Kc2+ Kcl.* (1+ Kecsl.* APP./ Kma)) + sqgrt((l+ Kc2+ Kcl.* (1+ Kcsl.*
APP./ Kma)).”2- 4.* (2.* Kc3.* (1+ Kcs2.* APP."2./ Kmad)).* (- Atot)))./ (2.* (2.* Kc3.* (1+ Kcs2.*
APP.”2./ Kmad)))).”2)./ Kmad)+ Kee2.* (1+ Kb3.* (((- (1+ Kb2+ Kbl.* (1+ Keel.* APP./ Kmb)) + sqgrt((l+
Kb2+ Kbl.* (1+ Keel.* APP./ Kmb)).”2- 4.* (2.* Kb3.* (1+ Kee2.* APP.”2./ Kmbd)).* (- Btot)))./ (2.*
(2.* Kb3.* (1+ Kee2.* APP.”2./ Kmbd))))."2)./ Kmbd))- xdata8s(j,1));

appFSOLVEs (1, j)=fzero (func, [0 Ps(J)],optimset ('fzero'));

end

SOLVE for free APPgl and APPg2 given the total amount of APP in monomer and in dimer, respectively
Step~1: solve the conserved total amount of alpha, beta, and APP in monomer and in dimer processing

o
5

o
5

apps=appFSOLVEs';

alphas = (- (1+ Kc2+ Kcl.* (1+ Kcsl.* apps./ Kma)) + sqgrt((l+ Kc2+ Kcl.* (1+ Kcsl.* apps./ Kma)) . 2-
4.% (2.*% Kc3.* (1+ Kcs2.* apps.”2./ Kmad)).* (- Atot)))./ (2.* (2.* Kc3.* (1+ Kcs2.* apps.”2./ Kmad)));
betas = (- (1+ Kb2+ Kbl.* (1+ Keel.* apps./ Kmb)) + sqrt((l+ Kb2+ Kbl.* (1+ Keel.* apps./ Kmb))." 2-
4.% (2.*% Kb3.* (1+ Kee2.* apps.”2./ Kmbd)).* (- Btot)))./ (2.* (2.* Kb3.* (1+ Kee2.* apps.”2./ Kmbd)));
Atotms = (alphas.* Kcl).* (1+ Kcsl.* apps./ Kma)

Atotds = Kc2.* alphas + 2.* Kc3.* (alphas.”2).* (1+ Kcs2.* (apps.”2)./ Kmad);

Btotms = (betas.* Kbl).* (1+ Keel.* apps./ Kmb);

Btotds = Kb2.* betas + 2.* Kb3.* (betas.”2).* (1+ Kee2.* (apps.”2)./ Kmbd);

APPtotms = apps.* (Kgl+ Kcsl.* (1+ Kcl.* alphas./ Kma)+ Keel.* (1+ Kbl.* betas./ Kmb));

APPtotds = Kg2.* apps+ 2.* (apps.”2).* (Kg3+ Kcs2.* (1+ Kc3.* (alphas.”2)./ Kmad)+ Kee2.* (1+ Kb3.*

(betas.”2) ./ Kmbd)) ;



% Step 2: solve for the corresponding free values (APPgl and APPg2) such that APPms* Kgl and APPds*
Kgl correspond to APPGl and APPG2 in the model representation, respectively. (See Equations 4.19)

for js=l:ws

funcs=@ (APPms) (APPms.* (Kgl+ Kcsl.* (1+ Kcl.* (Atotms(js,1l)./ (Kcl.* (1+ Kcsl.* APPms./ Kma)))./ Kma)+
Keel.* (1+ Kbl.* (Btotms(js,l)./ (Kbl.* (1+ Keel.* APPms./ Kmb)))./ Kmb))+ Ksl.* (SORtotm./ (1+

Ksl.* APPms)).* APPms - APPtotms(js,1));

appFSOLVEms (1, js)=fzero (funcs, [0 APPtotms (js)],optimset ('fzero'));

end

for js=l:ws

funcs=@ (APPds) (Kg2.* APPds + 2.* (APPds.”2).* (Kg3+ Kcs2.* (1+ Kc3.* (((- Kc2 + sqgrt(Kc2.72- 4.%*
(2.* Kc3.* (1+ Kcs2.* (APPds.”2)./ Kmad)).* (- Atotds(js,1))))./ (4.* Kc3.* (1+ Kcs2.* (APPds.”2)./
Kmad))) ."2)./ Kmad)+ Kee2.* (1+ Kb3.* (((- Kb2 + sqrt(Kb2.72- 4.* (2.* Kb3.* (1+ Kee2.* (APPds."2)./
Kmbd)) .* (- Btotds(js,1))))./ (4.* Kb3.* (1+ Kee2.* (APPds.”2)./ Kmbd)))."2)./ Kmbd))+ Ks2.*
(SORtotd./ (1+ Ks2.* APPds)).* APPds - APPtotds(js,1l));

appFSOLVEds (1, js)=fzero (funcs, [0 APPtotds(js)],optimset('fzero'));

end

a°

% SUMMARY of representations

without SORLA (see Equations 4.17 and 4.18)

alpha denotes alpha init

beta denotes beta init

Atot denotes the conserved amount of alpha-secretase
5 Btot denotes the conserved amount of beta-secretase
app=appFSOLVE';

9 o o oe

o

alpha = (- (1+ Kc2+ Kcl.* (1+ Kcsl.* app./ Kma)) + sqrt((l+ Kc2+ Kcl.* (1+ Kcsl.* app./ Kma))."2-
4.% (2.* Kc3.* (1+ Kcs2.* app.”2./ Kmad)).* (- Atot)))./ (2.* (2.* Kc3.* (1+ Kcs2.* app.”2./ Kmad)));
beta = (- (1+ Kb2+ Kbl.* (1+ Keel.* app./ Kmb)) + sqrt((l+ Kb2+ Kbl.* (1+ Keel.* app./ Kmb))."2-
4.% (2.%* Kpb3.* (1+ Kee2.* app.”2./ Kmbd)).* (- Btot)))./ (2.* (2.* Kb3.* (1+ Kee2.* app.”2./ Kmbd)));

o

with SORLA (see Equations 4.22 and 4.23)

alphams.* Kcl denotes alpha 1

alphads.* Kc2 denotes alpha 2

betams.* Kbl denotes beta 1

betads.* Kb2 denotes beta 2

Atotms and Atotds denote the conserved amount of alpha in monomer and in dimer, respectively
Btotms and Btotds denote the conserved amount of alpha in monomer and in dimer, respectively
appms* Kgl is APPGl in the equations shown in Section~\ref{sec:MultiCompartmentmodel}

appds* Kgl is APPG2 in the equations shown in Section~\ref{sec:MultiCompartmentmodel}
appms=appFSOLVEms"';

appds=appFSOLVEds"';

appTOTS=app+ appms+ appds;

$monomer procssing with SORLA

alphams = Atotms./ (Kcl.* (1+ Kcsl.* appms./ Kma));

90 90 dO oo d° o° o

a0

betams = Btotms./ (Kbl.* (1+ Keel.* appms./ Kmb));

$dimer procssing with SORLA

alphads = (- Kc2 + sqgrt(Kc2.72- 4.*% (2.* Kc3.* (1+ Kcs2.* (appds.”2)./ Kmad)).* (- Atotds)))./ (4.*
Kc3.* (1+ Kcs2.* (appds.”2)./ Kmad));

(
betads = (- Kb2 + sqrt(Kb2.72- 4.* (2.* Kb3.* (1+ Kee2.* (appds.”2)./ Kmbd)).* (- Btotds)))./ (4.*
Kb3.* (1+ Kee2.* (

appds.”2) ./ Kmbd)) ;

itting to the experimental data
% with SORLA for monomer processing
fitll =k6.* Kcl.* alpha.* Kcsl.* app./ Kma;% sAPPa
fit21= k4.* Kbl.* beta.* Keel.* app./ Kmb;% sAPPb
% without SORLA for dimer processing
fitl2 = 2.* k6d.* Kc3.* (alpha.”2).* Kcs2.* (app.”2)./ Kmad;% sAPPa
£fit22= 2.* k4d.* Kb3.* (beta.”2).* Kee2.* (app.”2)./ Kmbd;% sAPPb
% sum of products w/o SORLA in monomer and dimer
fitl = (fitll+ £fitl2); % sAPPa
fit2 = (£it21+ £fit22); % sAPPb

% fitting with SORLA monomer (refer to Equationsl6 in supplementary information)
% with SORLA for monomer processing

fitl2s = k6.* Kcl.* alphams.* Kcsl.* appms./ Kma;% sAPPa

fit22s = k4.* Kbl.* betams.* Keel.* appms./ Kmb;% sAPPb

% without SORLA for dimer processing

fitlls =2.* k6d.* Kc3.* (alphads.”2).* Kcs2.* (appds.”2)./ Kmad;% sAPPa
fit21ls= 2.* k4d.* Kb3.* (betads.”2).* Kee2.* (appds.”2)./ Kmbd;% sAPPb

% sum of products w/ SORLA in monomer and dimer

fitls = (fitlls+ fitl2s); % sAPPa

fit2s = (fit2l1s+ fit22s); % sAPPb

SRECALL: w and ws denote the number of experimental data without and with SORLA, respectively
% without SORLA

errll = (fitl - data(:,2))./ sgrt((sum(data(:,2))./ w))

err22 = (fit2 - data(:,3))./ sqgrt((sum(data(:,3))./ w));



% with SORLA
errAPPs = (appTOTS -
errlls = (fitls -
err22s = (fit2s -
% error vector
err=vertcat (errAPPs,
end

end

datas(:,1))./ sqgrt((sum(datas(:

datas(:,2))
datas(:,3))

errll,

err22,

errlls,

./ sqrt((sum(datas(:,
./ sqrt((sum(datas(:,

err22s);

2
3
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Mathematical Modelling of APP Processing influenced
by SORLA in Alzheimer's Disease

Angelyn Lao?, Vanessa Schmidt?, Katja Rateitschak!, Thomas Willnow2 and Olaf Wolkenhauer?!

- N

Alzheimer's disease (AD) is a net ive disorder

1 by amyloid plaques in the brain of affected individuals. This project aims at modeling of neurodegenerative processes in AD. Our
study focuses on the interactome of neuronal factors central to the proteolytic processing of amyloid precursor protein (APP) into A, the main constituent of senile plaques. Factors considered in this model
include proteases, trafficking adaptors, as well as a novel sorting receptor SORLA. Here, we have generated a panel of cell lines in which the amount of APP and of accessory factors can be varied. These
novel cell lines are important research tools that have since been applied to produce quantitative data. The quantitative dose-response series have been used to estimate reaction constants of mathematical
models describing APP processing. We have established nonlinear ordinary differential equation models describing the cleavage of APP by alpha and beta secretases, and the influence of SORLA herein.
We have queried different mathematical models concerning the interactions with SORLA and we have simplified the models based on justifiable steady state approximations. For the resulting algebraic

models, we have estimated the model parameters from the dose-response curves by nonlinear optimization methods. These results provide the bases for further modeling of neurodegenerative processes
and for determination of individual risk of AD.
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Tet-Off inducible APP gene expression - methodology = We made a comparison of the two alternative hypotheses [APProSI (Figure 5 (c-d)) and APProSII
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Mathematical Modeling of APP Processing
influenced by SORLA in Alzheimer’s Disease
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Abstract

Background: Alzheimer's disease (AD) is a net \erative disorder i by amyloid plaques in the brain of affected individuals. Our study aims at (i) modeling the interactome of neuronal factors central to the
proteolytic processing of amyloid precursor protein (APP) and (ii) evaluating the influence of SORLA/SORL1, an inhibitor of APP processing and important genetic risk factor.

Results: Based on a panel of cell lines in which the amount of APP and of accessory factors can be varied, we have established a mudel based on nonlinear Ordinary Differential Equations (ODE), describing the kinetics of
APP processing and the influence of SORLA on the processing. The parameter values of the simplified ODE model are esti by ization from d ponse series for sSAPPa and sAPP as a function of total amount
of APP for cel\s with or without SORLA. We have the of fit of (a) model with only monomer processing, (b) model with only dimer processing, and (c) combined model with both monomer and
dimer on a series of d Jel data. In the i model, the dimeric forms of the secretases only act on the dimeric form of APP and the monomeric forms of the secretases only act on the monomeric
form of APP. The complexity of data and model made it necessary to also consider partial local parameter estimations in able to capture the dynamical behavior of the experimental data. We performed purely global parameter
estimations for all three models and global-local parameter estimation for the combined model. For global-local parameter estimation, all except the describing B activity in the presence or
absence of SORLA are estimated locally.

Conclusions: The simulations, together with our experimental data, support a model whereby SORLA prevents APP oligomerization, thereby causing secretases to switch from allosteric to non-allosteric mode of action. We
also performed simulations for intermediate concentrations of SORLA on the combined model with global-local estimate. We predicted a switch from cooperative to less efficient non-cooperative processing on a low amount of
SORLA concentration.

1. APP processing 2. Experimental materials and methods
APP is cleaved . pox The binding of the Tet-controlled trans- "% . o o o . . o Regulated expression of APP: Cells were incubated
by either a- of Q&) s activator (tTA) to the tetracycline with doxycycline of the indicated concentrations for
B-secretase. = response element (TRE) in front of the & S S S & - = o 24h. Thereafter, cells and media were harvested and
The sequential modified CMV promoter induces APP (1).4rp,, protein extracts and media were subjected to
cleavage  of ;7 expression. In the presence of Western blot analysis using anti-serum APP (1),
APP producing T e doxycyline, the binding capabiity of tTA W M % W8 e - monoclonal anti-sAPPa (2), and polyclonal anti-
AB is called Tt OffAdvanced to TRE is reduced and APP expression sAPPB (3) antibody. Western blots
amyloidogenic is impaired in a dose-dependent manner. showing decreased APF' protein and APP processing
pathway. (Figure from Clontech Laboratories, products with i

{cersen, Trands i Neuroscience 2006 modified)

3. Alternative models and hypotheses

Reactants Complexes Products

1
g

* The parameter values of the models have
been determined on the basis of dose-
response series for sSAPPa and sAPPB as a
function of total amount of APP for cells with or
without SORLA by nonlinear optimization.

8

PP,

*We performed purely global parameter
estimation for the simulations of all three
models (illustrated in the first three columns)
and global-local parameter estimation for the
simulation of Model C (illustrated in the 4"
column). In the global-local fit, all parameters
except K, and K, are estimated globally.

Monomer processing

without SORLA

* The goodness of fit is quantified by calculating
the residual value. Model C has the lowest
residual value (2.15 x 10 and 3.10 x 10 for
Model C:global and Model C:global-local,

ively) as to Model A (best
residual value 1.12 x 10?) or Model B (best
residual value 1.48 x 102).

Dimer processing

schmict, 2011]
wih SORLA

Biochemical network of APP processing influenced by SORLA: With only the upper
panel, it is a processing of APP in monomeric form (Model A). On the lower panel, it
is the processing of APP in dimeric form (Model B). Lastly, with both upper and

lower panels, it is the processing of APP in both monomeric and dimeric forms = 0 200 300 400 O AW a0G T e S w00 w0 e T &
AP o) Apsraomn) APPra(ot) Aot
(Model C).

4. Mathematical models 6. Intermediate levels of SORLA expression

ODEs ‘Consewa"on Jaw assumplions : SAPPq(fmol) : 7 SAPP (fmoli) ; * Since Model C:global-local describes an indirect influence of SORLA,

- 10, . the intermediate Ievels of SORLA expression between the cooperative
Model A: with only monomer [ §557en, and regimes are also in an indirect manner
.- |0 zrsonA by determining the dependencies of K, and K, 0n the intermediate of
0% S9%A. SORLA (not shown).

“ e rxsonn,

PRy (fmall)

* Comparison of the respective residual values
implies that Model C:global-local provides the
best match to the experimental data.

Schmid 20

oxsoRLA,
~ =00 xsoRix,, 8|

O =@+ Capre
Brou =B+ Cavy
PPy = APP+C . + Canpp + Cappsonsa @

sAPPa L

. -Joraxsoria, 4
« Based on the parameter values of Model C:global-local, we simulated
the kinetics of SAPPa and sAPPB production in dependence of three
intermediate SORLA expression levels (at 3%, 12% and 30% of

sappp=—ts asonsonun, 2
Kyp

=Jixsora, |

Model B: with only dimer i 005 x SORUA, 005 % SORUA, SORLAy,, where SORLA,= 5.13 x 10°).
2y gy =a+2 @+ Coppa,) S :
APPa* = - APE, s i
EEES Prou =B+2-(Ba+Cappp,) o 7. Conclusions
AP = z.k,, -f, APP, APFp =2-(APE; + Cupp, + Cappp, )+ ) v
Kapa APP+C - We tested three models and hypotheses
AERSORILL = o - through an iterative systems biology workflow of data-driven modeling
Model C: with both monomer and dimer processing o 012X SORLA 012 SORUAL, and model-driven experiments.
s : : gy =+ Cppa +2:(@g +Coppa,) & :
sAPPay, =sAPPa+sAPPa* _piC 2. LC ) © *The model simulations suggest a yet unidentified biological processes
R X . Pror =B+ Cappp+2-(Ba+Cuappyp, & . whereby SORLA might indirectly affect the B-secretase, but not other
SAPPPr, =SAPPR+SAPPE* | APy, =2-(APE; + C yppg, +Cippp, )+ 40 secretases.
PP " 2
APP+Cyppy + Cappp + Cappsoria o « Furthermore, the simulations shown for Model C (global-local)
™ ' iustifiabl . " steady stat ’ don | 03%SORUA. 03%S0RUA sr:Jppc:)rts rt\hﬂe ide: whel:ebyf SORLA prevents'ohgomenziatri‘on oliAPF;
rough justifiable assumptions of quasi-steady state and conservation law, 40 8 thereby shifting the mode of secretase action from use of the preferre
simplified ODEs describe the formation of end products in the APP under the 2 N homodimeric substrate to the less preferred monomer variant.
influence of SORLA. Note that «, 5, and APP (free a-secretase, B-secretase and B
APP) in each equations are replaced by their respective ay,, f 1, and 4PP;, 20 “ 5 + Consequently, we predicted a switch from cooperative (dimer) to less
functions (total amount of a-secretase, B-secretase and APP). For every C,, is a 10 2 ;i efficient ing which occurs at low
complex function of X and ¥, wherein a,, /i, and APP, are functions of «, §, and | 0 » SORLA concentration (i.e. 12% of SORLA, shown in the simulations of
APP, respectively. 0 mn/\Fsz:u(nM) 300 400 0 100 /\p;vz?rﬂ("M) e intermediate levels of SORLA expression).
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4 Multi-compartmental Modeling of APP Processing

influenced by SORLA in Alzheimer’s Disease
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Abstr

Background: The formation of AB plaques from the processing of amyloid precursor protein (APP) is cemra\ to the pathology of Alzheimer's disease. Studies APP ing are i conducted in a
single-compartment, where the reactants involved are either in a monomeric or a dimeric form of APP. In the singl model we earlier, it showed that the sorting receptor-related protein, SORLA, affects
APP processing in both its monomeric and dimeric forms. This study raised the interesting question of what the relative contribution of SORLA in each APP processing step is and how this affects the B-secretase? Results: To
answer this question, we developed a rnultl -compartment mudel to simulate the complexity of APP processing in neurons, and to accurately describe the effects of SORLA on these processes. Based on dose-response data,

our study that SORLA i |mpa|rs of APP dimer, WhICh is the preferred secretase substrate. Furthermore, our model shows how SORLA alters the dynamical behavnor of B-secretase, the enzyme
responsible for the initial step in the i cascade. C 1s: Our multi partment model rep! a major advance over singl models p used to simulate APP
processing; and it identified APP dimers and f-: secre(ase as the two distinct targets of the inhibitory action of SORLA in Alzheimer's disease. Reference: A. Lao, V. Schmldl Y. Schmitz, T.E. Willnow, and O. Wolkenhauer.
Multi-compartmental modeling of SORLA's influence on i p in imer’s disease. BMC Syst. Biol., 6(1):74, June 2012.
1. Influence of SORLA on APP processing 2. Multi-compartmental model
TGN Cell surface Endosome
1] LN il Reactants . Comploxes Titals . Reactants  Complexes  Producis Iniials . Reactants  Comploxes Products
AP 1}/-\] ]J — 1 =
— — - e Ko
g [
A~ B ® : !
/ / |
Lo
Eory ey i
‘endosomes endosomes H
\ \ \ \ i .z 1%
APy SORL ey % E’ § g
%m ? i H i
Lot Lato i
Tan endosamas andosomes k] 4
H
(A) APP traverse from trans-golgi network (TGN) to the cell surface where most APP are 3 — H
cleaved by a-secretase producing sAPPa. Non-processed APP traffic from early to late et
endosomes and are processed into SAPPB and AB, respectively. (B) SORLA acts as Biochemical network of a multi-compartment model describing the influence of SORLA on APP processing. The three main compartments in the network are the
sorting-receptor that traps APP in TGN, guiding the trafficking and processing of APP. TGN, the cell surface and the endosomes. Each compartment is subdivided into two subcompartments: monomer and dimer processing.
0 0 0 0 o o 5. SORLA is more influential
3. Mathematical equations of the model b . s s .
in dimer processing than in monomer processing
ODEs A0 g e o B2 total in
5 ks <| =™ + Bpormini g v monomer dimer
= H < 9 9
SAPParg K APPesy +2:1 75 dgg - APRs2g § i E . A ol
. 2| £ 100 £ 3 °
ER % 4 =2
SAPPfrgt = /91 APR; +2 - APP: 54 3 k] c=9 4
5 2 P 9
d | o Lz z B
Assumed conservation law e % e w | Ses| 3
_ AP (M) APP (M) o
Qror = init. + Amonomer + Adimer c D g
: H W @0 w0 4
Prot = Bunit + Prnonomer + Paimer 8 5
APRyy = APRyi + APPronomer + APFiimer < 2" g, s o % g C
In the absence of SORLA, & z 10 H 3 : < T;’% i
3 = £ H T &)
@nonomer = (i) + Cappesiaa (PR i) 3 ¢ T B g € T; N
Adimer = @2 (@it ) + 2 [a24 (@it ) + C appes2aa2a (PR i )] 1 § o N
- . - i 2 TS
Bronomer = Bi(Biin) + Capperpn (APRoi B ) 0 e e i 8=
Pamer = Po(Biae) +2: 129 (Biie) + C aepez0p2a (APPaie i )] AP {0M) APP (M) W 20 %0
APPranamer = APPs1 (APPric) + APRosa (AR ) + APRey (APRyi ) + Simulation results of our multi-compartmental model (ines) for the various E
Cappcsiar (AP @init) + Cappepn (APRnic it ) APP products are shown together with the data points taken from [Schmidt S« -
APPyiner = APR;5(APRyt) +2-[APRs 4 (APR ) + etal,, EMBO J. 2012]. In the absence of SORLA, the products produced in € % 13
APRs 24 (APRy) + APPz g (APRy )+ the dimer processing pathways more closely resemble the total amount of a £ e 004
c, APRyt it ) +C, APRy¢, sAPPa (A) and sAPPB (B). With SORLA, the amounts of sAPPa and <2 32
R G Gl o) SAPPB that are produced in dimer processing are significantl reduced as 83| o
3

In the presence of SORLA, compared to those in monomer processing (C, D).

e =2+ 2 [024 (@2) + Coprcszaua (APPoz, 7)) sum sum g
*Carperpn(APs1. 1) he dynamical behavior of the B-secretase _ G H H
20024 B+ Cropeagpas (PR )] s
APPaonomer = APRs1 + C appaisonac (APRe1, SORLAG:) + sum of 8 % ® 30 ;
APRes1(APRsy) + APRey (APRyy) + £t 3 ol o
Corcsaa(APRo 1) + Cropes (APRes ) fieeiased oI & simen cge « -
PR Lo — 3
APRimer = APRs; + Cappcasoriaca (APRs2, SORLAG2) + & g3 ) 1 H
2[APR2g (APR) + APRs 20 (APR2) + APR2g (APR) 3 | A B r <EZ ‘
Crsresoats (APRsa, @)+ Coppezgpaa (APRez )] E sl o B 8 Wm0 W W ™ W
- - o 5 AP (M) APP,(nM)
Through justifiable quasi-steady state and law, simplified g2 e 3000 2009 v _ ) ’ o " !
(ODEs describe the formation of end products in the APP under the influence of SORLA. T 3 2000 / 2000} The intermediate levels of SORLA include 0% (solid line), 3%, 12%, 30%, and 100%
Note that subscript ‘1' was assigned to the reactants and products in monomer processing g = 1000 / 1000} (dashed line) of SORLAy,(where SORLAy, = 243 x 10° ""0‘_) Only sold line is visible in a
while subscript ‘2' for those in dimer processing. In addition, we used subscripts ‘G, ‘CS', 9 3 R T r— plot when solid and dashed lines are superimposed. (Fig. above) Simulations of the
and 'E’ for APP in TGN, at the cell surface and in the endosomes, respectively. And for ° g influence of intermediate levels of SORLA on APP processing into the amounts of APP
every Cy, is a complex function of X and Y. Note that f(x,y) denotes function f dependent % concentrations in the TGN (A-B), at the cell surface (C-D), in the endosomes  (E-F), and in
onxandy. 3 C g all the three compartments (G-H). The simulations for total amount of APP concentrations
E é £ in monomer processing for the three different compartments (left column) are not influenced
. T g 10) 10| % by SORLA, while those in dimer processing are affected by the presence of SORLA (right
7. Conclusions 29 £ column). (Fig. left) Simulatons of the influence of infermediate levels of SORLA on APP
© :’ 5| o 4 processing on the amount of tase (A-B) and - tase (C-D) tion. The
(1) We successfully confirmed our hypothesis that blockade of APP dimerization is an 2= g term “used” refers to the complex formation of the secretases and APP, while the term
important aspect of SORLA action on AD. b3 = “free” refers to the secretases that are not bound in a complex. It can be observed that the
(2) Using this model, we are able to uncover that SORLA not only affects amyloidogenic @ 00 200 30 & total amount of B-secretase concentration for both free and used deviated (C), which was
processing through interaction with APP but also specifically targets B-secretase - the APP__(nM) APP. (M) not the case for a-secretase (A). This observation suggested that SORLA is indirectly
enzyme responsible for initial amyloidogenic cleavage. Tot Tot affecting the dynamics of B-secretase but not that of a-secretase.
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Regulated Trafficking of APP by SORLA in Alzheimer’s Disease
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Abstract

Background: Proteolytic breakdown of the amyloid precursor protein (APP) by secretases is a complex cellular process that results in formation of neurotoxic AB peptides, of
disease (AD). Processing involves monomeric and dimeric forms of APP that traffic through distinct cellular compartments where the various secretases reside. Amyloidogenic processing is also influenced by modlflevs such
as sorting receptor-related protein (SORLA), an inhibitor of APP breakdown and major AD risk factor. This study aims to (i) model the neuronal factors central to the pro(eo\ync processing of amyloid precursor protein (APP),

(ii) trace the trafficking of APP in various compartments, and (iii) evaluate the influence of the SORLA on those factors. Results: Using tal data and literature-b: d, information we developed a multi-compartment
model to simulate the complexity of APP processlng in neurons, and to accurately describe the effects of SORLA on these processes. Our model enables regulation of trafficking of APP by SORLA through intracellular
We have our h hesis that blockade of APP dimerization is an important aspect of SORLA action on AD. Using this model, we are able to uncover that SORLA not only affects
amyloidogenic processing through interaction with APP but also specifically targets B-secretase - the enzyme responsible for initial amyloidogenic cleavage. C Our model repi a major conceptual
advancement by identifying APP dimers and B secre(ase as the two distinct targets of the inhibitory action of SORLA in AD. Reference: A. Lao, V. Schmidt, Y. Schmitz, T.E. Willnow, and O. Wolkenhauer. Multi-compartmental
modeling of SORLA's influence on in 's disease. BMC Syst. Biol., 6(1):74, June 2012.
1. Influence of SORLA on APP processing 2. Multi-compartmental model
DN PN TON Coll surface Endosome
27— e H T Nl
A @ B QD E Ny sAPPam=—K5 <y APRy +
/' / /‘ / i “ 2 gy PRz
[ i 4
Ko
) Q?@ > b i — b g
ey ey H 3 K
avassanes cnamaanes £ X
\ \ \ H o i 2 g APRey
so s H E§ P T H iz
%; :\‘ m<I L) gi ; <I 5) § H ” 1 |Assumed conservation law
— o . « E R —
(A) APP traverse from trans-golgi network (TGN) to the cell surface where 3 Prot= Bioie + Pronomer *+ Paimer
most APP are cleaved by tase producing sAPPa. Non-pi d APP i = 3| APRy = APRy + APPonamer + APRimer
traffic from early to late endosomes and are processed into SAPPB and AB, Ko Kt
respectively. (B) SORLA acts as sorting-receptor that traps APP in TGN,  Biochemical network of a multi-compartment model describing the influence of SORLA on APP processing. The three main compartments in the network are the TGN, the cell surface and the
guiding the trafficking and processing of APP. endosomes. Each compartment is subdivided into two subcompartments: monomer and dimer processing. Note that subscript ‘1’ was assigned to the reactants and products in monomer
processing while subscript 2" for those in dimer processing. In addition, we used subscripts ‘G', ‘CS', and ‘E' for APP in TGN, at the cell surface and in the endosomes, respectively. Through
: : 7 ; justifiable tions of g teady state and law, simplified ODEs describe the formation of end products in the APP under the influence of SORLA. In the absence of SORLA,
3. Model simulations fit exDe"memal data Agnonomen Pronomer APPonomen Gaimens Adimers and APP g1, are denoted as functions of ey, B APPy: Otherwise as functions of ay, £, APP;, and a,, /3, APP,, respectively.
< 4. Regulated trafficking of secretases by intermediate levels of SORLA
2
8
H free in used in sum of
i monomer ime ‘monomer Gimor free & used mrrieny . Cimilations of the inflience of
st =y ey - ocasing - itermedate evels of SORLA
0w o w0 a0 w0 w0 w0 an S 1A B c D E E on APP processing on the
APP M) APPrfM) g g < E s0m) 1o o} soun 0 amount of a-secretase (A-F)
g S E 4 o0 o0 o wol\ el and B-secretase (G-L)
5 82 i ol om) h =) b concentration. The term
3 foes .l - o / bl “used” refers to the complex
2 1 ! o) P o o
3| H 3z formation of the secretases
3 & W [T Ww W [CREE @ W TR and AP, whie the term “fee”
. 1’ < refers to the secretases that
0 %0 ® o w0 w2 % ! o K g are not bound in a complex.
sor o APPrgith) £=3 § 3 o l % The intermediate levels of
Simulation results of our multi-compartmental model (lines) for the & K A o SORLA include 0% (solid
various APP products are shown together with the data points taken g : 4 o E line), 3%, 12%, 30%, and
from [Schmidt et al., EMBO J. 2012]. In the absence of SORLA, the § H 1 9 2100% (dashed line) of
products produced in the dimer processing pathways more closely ¢ aRTE e = SORLAy, (where SORLA, =
resemble the total amount of sAPPa (A) and sAPPB (B). With ) 2,43 105 fmol). Only solid line
SORLA, the amounts of sAPP« and SAPP that are produced in AP (M) AP (M) APPr(M) APProfoM) AP, (M) APP. (M) is visible in a plot when solid
dimer processing are significantly reduced as compared to those in and dashed lines are superimposed. It can be observed that the total amount of B-secretase concentration for both free and used deviated (as shown in K), which was not the case for u-secretase (as
monomer processing (C, D). shown in E). This observation suggested that SORLA is indirectly affecting the dynamics of B-secretase but not that of a-secretase.

5. Regulated trafficking of APP by intermediate levels of SORLA in various compartments

monomer processin dimer processin total in Simulations of the
o p— e a— r e onomer ar oenes s ter iuence of ntemedate
levels of on

A 18 e 16 1B oy 1l processing into the
7"‘ amounts of APP
concentrations in the
TGN (1Ad), at the cell
surface (2A-1), in the
d (3A-l), and in
all the three
compartments (4A-l).
That is from 0% (in solid
line), 3%, 12%, 30%, up
to 100% (in dashed line) of
SORLAy,. The term
‘used” refers to the
complex formation of the
APP and secretases,
while the term “free”
refers to the APP that is
not bound in a complex.
The simulations for total
wamount of APP
concentrations in

APPin
TGN (nM)
7 wio SORLA

APPin
cell surface ("M)

B

3A "38

APPin
endosome (nM)
W& wio SORLA

g

4A - 4B = 4C L 4D s 4E s 4F sam 4G L 4H sum 4 sam & monomer processing for
glhe three different

“ 0 = P 0 . ki an -  compartments  (columns

1 = PX | LA-B&G) were not

5 P ? ¢ influenced by SORLA,

- o o zwhile those in dimer

B i = a i processing were affected

AP, (o) AP o) " o) Aspwmw ggRt&e‘ p‘resenccem:;
columns

W/ 8 wio SORLA
3

APP in three
compartments (nM)

W W m W e RN o w
APP, (o) AP fah) AP M) AP faM)
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THESES

. The effects of SORLA on APP processing in Alzheimer’s disease can be described

by a single-compartment model.

. SORLA concentrations and efficiency of APP processing follow a strict linear rela-

tionship.

. It can be proven that SORLA prevents dimerization of APP, thereby preventing the

formation of high affinity substrates for secretases.

. How SORLA affects APP transport between various cell compartments in neurons

can be demonstrated by the multi-compartmental model.

. With the multi-compartmental model, it can be shown that

4.1. a decrease in the total amount of soluble APP products is due to the high
SORLA concentration in dimer processing, and not due to the low SORLA

concentration in monomer processing;

4.2. SORLA indirectly affects the dynamic behavior of -secretase, but not that of
a-secretase. This supports the initial biochemical data showing that SORLA

can bind to §-secretase; and

4.3. SORLA is more influential in dimer processing than in monomer processing.
This confirms our initial hypothesis that blockade of APP dimerization is an

important aspect of SORLA action in Alzheimer’s disease.

. For the series of dose response data, nonlinear optimization provides a strategy for

parameter estimation.





