




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 SORLATot (where SORLATot = 2.43 × 105 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 α-secretase at the
cell surface, and (iii) APP and β-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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4. Compartmental-based behavior of the system

Figure 4.11.: Switch from preferred dimer-to-monomer processing. Simulations of the
influence of SORLA on APP processing into sAPPα (A, C) and sAPPβ (B, D) are shown (where
SORLATot = 2.43 × 105 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 SORLATot for α-secretase (A) and at 3% of SORLATot for β-secretase
(B). The amount of product obtained from “red” monomer is greater than that of “green” dimer
at 145% of SORLATot for α-secretase (C) and 150% of SORLATot for β-secretase (D).

the study performed in Section 3.3, 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 SORLATot for α-secretase (Figure 4.11C) and 150% of

SORLATot for β-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

sAPPα (Figure 4.6A) and sAPPβ (Figure 4.6B), these two sets of results (Figure 4.6 and

Figure 4.11) 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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Summary and conclusions

The multi-compartment model is an extension of the single-compartment model that was

established earlier in Chapter 3. 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 3.3 [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 sAPPα and sAPPβ 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 β-secretase? In

Section 3.3, it is suggested that there is an indirect effect of the SORLA receptor on β-

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

β-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 β-secretase, but not that of APP with α-secretase [Lao

et al. 2012]. A previous study suggests that SORLA directly interacts with β-secretase,

preventing access of the enzyme to its substrate APP [Spoelgen et al. 2006]. While the

simulations confirm an important influence of SORLA on β-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 β-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 4.10E)

and subsequently decreases the total amount of APP at the cell surface (Figure 4.10J) and

endosomes (Figure 4.10O). 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 α-secretaseand β-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 α-secretase and

β-secretase. Whereas, as the SORLA concentration increases, there is a relatively large

decrease in the production rate of sAPPα compared to that of sAPPβ (Figure 4.6 and

Figure 4.11) [Lao et al. 2012].
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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 β-secretase, but not that

of α-secretase. The receptor targets β-secretase which is responsible for the initial amy-

loidogenic cleavage. This supports the initial biochemical data showing that SORLA can

bind to β-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 4.2 [Lao et al. 2012] can be extended by including additional cleavage activity

of γ-secretase in monomer and dimer processing for research interests that focus on the

influence of SORLA on γ-secretase and Aβ peptide. Whereas, for researchers interested

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

92



BIBLIOGRAPHY

Alzheimer’s Association. What is Alzheimer’s disease? http://www.alz.org.

O. M. Andersen and T. E. Willnow. Lipoprotein receptors in Alzheimer’s disease. Trends

Neurosci., 29(12):687–694, Dec. 2006.

O. M. Andersen, J. Reiche, V. Schmidt, M. Gotthardt, R. Spoelgen, J. Behlke, C. A. F.

von Arnim, T. Breiderhoff, P. Jansen, X. Wu, K. R. Bales, R. Cappai, C. L. Masters,

J. Gliemann, E. J. Mufson, B. T. Hyman, S. M. Paul, A. Nykjaer, and T. E. Will-

now. Neuronal sorting protein-related receptor sorLA/LR11 regulates processing of the

amyloid precursor protein. Proc. Natl. Acad. Sci. USA, 102(38):13461–13466, 2005.

O. M. Andersen, V. Schmidt, R. Spoelgen, J. Gliemann, J. Behlke, D. Galatis, W. J.

McKinstry, M. W. Parker, C. L. Masters, B. T. Hyman, R. Cappai, and T. E. Will-

now. Molecular dissection of the interaction between amyloid precursor protein and its

neuronal trafficking receptor SorLA/LR11. Biochemistry, 45(8):2618–2628, Feb. 2006.

L. V. Bertalanffy. An outline of general system theory. Br. J. Philos. Sci., I(2):134–165,

1950.

R. Brookmeyer, E. Johnson, K. Ziegler-Graham, and H. M. Arrighi. Forecasting the global

burden of Alzheimer’s disease. Alzheimers Dement., 3(3):186–191, July 2007.

A. Ciobica, M. Padurariu, W. Bild, and C. Stefanescu. Cardiovascular risk factors as

potential markers for mild cognitive impairment and Alzheimer’s disease. Psychiatria

Danubina, 23(4):340–346, Dec. 2011.

E. H. Corder, A. M. Saunders, W. J. Strittmatter, D. E. Schmechel, P. C. Gaskell, G. W.

Small, A. D. Roses, J. L. Haines, and M. A. Pericak-Vance. Gene dose of apolipoprotein

E type 4 allele and the risk of Alzheimer’s disease in late onset families. Science, 261

(5123):921–923, Aug. 1993.

93



Bibliography

D. L. Craft, L. M. Wein, and D. J. Selkoe. A mathematical model of the impact of novel

treatments on the A-beta burden in the Alzheimer’s brain, CSF and plasma. B. Math.

Biol., 64(5):1011–1031, Sept. 2002.

L. Cruz, B. Urbanc, S. V. Buldyrev, R. Christie, T. Gómez-Isla, S. Havlin, M. McNamara,
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A. Description of variables

Table A.1.: Description of the variables and parameters used in the equations found in Section 3.1.

Notation Unit Description

APP fmol free APP-monomer

α fmol free α-secretase-monomer

β fmol free β-secretase-monomer

CAPPα fmol complex of APP and α, formed within monomer processing

CAPPβ fmol complex of APP and β, formed within monomer processing

sAPPα fmol soluble APPα resulting from monomer processing

sAPPβ fmol soluble APPβ resulting from monomer processing

SORLA fmol free sorting protein-related receptor

CAPPSORLA fmol complex of APP and SORLA

APPTot fmol total APP conserved in the whole system

SORLATot fmol total SORLA conserved in the whole system

αTot fmol total α-secretase conserved in the whole system

βTot fmol total β-secretase conserved in the whole system

sAPPαTot fmol total soluble APPα

sAPPβTot fmol total soluble APPβ

Ks fmol−1 association constant of APP and SORLA

ki fmol−1· h−1 binding rate constant (where i = 1, 3, 5)

kj h−1 dissociation rate constant (where j = −1,−3,−5, 4, 6)

KMα fmol defined by (k6 + k−5)/k5

KMβ fmol defined by (k4 + k−3)/k3
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Table A.2.: Description of the variables and parameters used in the equations found in Section 3.2.

Notation Unit Description

APP fmol free APP-monomer

α fmol free α-secretase-monomer

β fmol free β-secretase-monomer

APPd fmol free APP-dimer

αd fmol free α-secretase-dimer

βd fmol free β-secretase-dimer

CAPPdαd fmol complex of APPd and αd, formed within dimer processing

CAPPdβd fmol complex of APPd and βd, formed within dimer processing

sAPPα∗ fmol soluble APPα resulting from dimer processing

sAPPβ∗ fmol soluble APPβ resulting from dimer processing

SORLA fmol free sorting protein-related receptor

CAPPSORLA fmol complex of APP and SORLA

APPTot fmol total APP conserved in the whole system

SORLATot fmol total SORLA conserved in the whole system

αTot fmol total α-secretase conserved in the whole system

βTot fmol total β-secretase conserved in the whole system

sAPPαTot fmol total soluble APPα

sAPPβTot fmol total soluble APPβ

KA fmol−1 association constant of APP dimerization

KB fmol−1 association constant of β-secretase dimerization

KC fmol−1 association constant of α-secretase dimerization

Ks fmol−1 association constant of APP and SORLA

ki fmol−1· h−1 binding rate constant (where i = 1, 31, 51)

kj h−1 dissociation rate constant (where j = −1,−31,−51,−a,−b,−c, 41, 61)

kh fmol−1· h−1 dimerization rate constant (where h = a, b, c)

KMαd fmol defined by (k61 + k−51)/k51

KMβd fmol defined by (k41 + 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 3.3.

Notation Unit Description

APP fmol free APP-monomer

α fmol free α-secretase-monomer

β fmol free β-secretase-monomer

CAPPα fmol complex of APP and α, formed within monomer processing

CAPPβ fmol complex of APP and β, formed within monomer processing

sAPPα fmol soluble APPα resulting from monomer processing

sAPPβ fmol soluble APPβ resulting from monomer processing

APPd fmol free APP-dimer

αd fmol free α-secretase-dimer

βd fmol free β-secretase-dimer

CAPPdαd fmol complex of APPd and αd, formed within dimer processing

CAPPdβd fmol complex of APPd and βd, formed within dimer processing

sAPPα∗ fmol soluble APPα resulting from dimer processing

sAPPβ∗ fmol soluble APPβ resulting from dimer processing

SORLA fmol free sorting protein-related receptor

CAPPSORLA fmol complex of APP and SORLA

APPTot fmol total APP conserved in the whole system

SORLATot fmol total SORLA conserved in the whole system

αTot fmol total α-secretase conserved in the whole system

βTot fmol total β-secretase conserved in the whole system

sAPPαTot fmol total soluble APPα

sAPPβTot fmol total soluble APPβ

KA fmol−1 association constant of APP dimerization

KB fmol−1 association constant of β-secretase dimerization

KC fmol−1 association constant of α-secretase dimerization

Ks fmol−1 association constant of APP and SORLA

ki fmol−1· h−1 binding rate constant (where i = 1, 3, 5, 31, 51)

kj h−1 dissociation rate constant (where j = −1,−3,−5,−31,−51,−a,−b,−c, 4, 6, 41, 61)

kh fmol−1· h−1 dimerization rate constant (where h = a, b, c)

KMα fmol defined by (k6 + k−5)/k5

KMβ fmol defined by (k4 + k−3)/k3

KMαd fmol defined by (k61 + k−51)/k51

KMβd 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 4.2.

Notation Unit Description

APPinit fmol free initial APP-monomer in TGN

APPG1 fmol free APP-monomer in monomer processing of TGN

APPG2 fmol free APP-monomer in dimer processing of TGN

APPG2d fmol free APP-dimer in dimer processing of TGN

APPCS1 fmol free APP-monomer in monomer processing of cell surface

APPCS2d fmol free APP-dimer in dimer processing of cell surface

APPE1 fmol free APP-monomer in monomer processing of endosome

APPE2d fmol free APP-dimer in dimer processing of endosome

αinit fmol free initial α-secretase within cell surface

α1 fmol free α-secretase-monomer in monomer processing within cell surface

α2 fmol free α-secretase-monomer in dimer processing within cell surface

α2d fmol free α-secretase-dimer in dimer processing within cell surface

βinit fmol free initial β-secretase within endosome

β1 fmol free β-secretase-monomer in monomer processing within endosome

β2 fmol free β-secretase-monomer in dimer processing within endosome

β2d fmol free β-secretase-dimer in dimer processing within endosome

CAPPCS1α1 fmol complex of APPCS1 and α1, formed within monomer processing of cell surface

CAPPE1β1 fmol complex of APPE1 and β1, formed within monomer processing of endosome

CAPPCS2dα2d fmol complex of APPCS2d and α2d, formed within dimer processing of cell surface

CAPPE2dβ2d fmol complex of APPE2d and β2d, formed within dimer processing of endosome

sAPPα1 fmol soluble APPα resulting from monomer processing of cell surface

sAPPβ1 fmol soluble APPβ resulting from monomer processing of endosome

sAPPα2 fmol soluble APPα resulting from dimer processing of cell surface

sAPPβ2 fmol soluble APPβ resulting from dimer processing of endosome

SORLAG1 fmol free SORLA in the monomer processing of TGN

SORLAG2 fmol free SORLA in the dimer processing of TGN

CAPPG1SORLAG1 fmol complex of APPG1 and SORLAG1 in the monomer processing of TGN

CAPPG2SORLAG2 fmol complex of APPG2 and SORLAG2 in the dimer processing of TGN

APPmonomer fmol total APP conserved in the monomer processing

APPdimer fmol total APP conserved in the dimer processing

APPTot fmol total APP conserved in the whole system

SORLAmonomer fmol total SORLA conserved in the monomer processing

SORLAdimer fmol total SORLA conserved in the dimer processing

SORLATot fmol total SORLA conserved in the whole system

αmonomer fmol total α-secretase conserved in the monomer processing

αdimer fmol total α-secretase conserved in the dimer processing

αTot fmol total α-secretase conserved in the whole system

βmomoner fmol total β-secretase conserved in the monomer processing

βdimer fmol total β-secretase conserved in the dimer processing

βTot fmol total β-secretase conserved in the whole system

sAPPαTot fmol total soluble APPα

sAPPβTot fmol total soluble APPβ
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A. Description of variables

Table A.5.: Description of the parameters used in the equations found in Section 4.2.

Notation Unit Description

KG1 equilibrium constant of APPinit and APPG1

KG2 equilibrium constant of APPinit and APPG2

KCS1 equilibrium constant of APPG1 and APPCS1

KCS2 equilibrium constant of APPG2d and APPCS2d

KE1 equilibrium constant of APPCS1 and APPE1

KE2 equilibrium constant of APPCS2d and APPE2d

KC1 equilibrium constant of αinit and α1

KC2 equilibrium constant of αinit and α2

KB1 equilibrium constant of βinit and β1

KB2 equilibrium constant of βinit and β2

KG3 fmol−1 association constant of APP dimerization

KB3 fmol−1 association constant of β-secretase dimerization

KC3 fmol−1 association constant of α-secretase dimerization

KS1 fmol−1 association constant of APPG1 and SORLAG1

KS2 fmol−1 association constant of APPG2 and SORLAG2

ki fmol−1· h−1 binding rate constant (where i = 1, 3, 5, 31, 51)

kj h−1 dissociation rate constant (where j = −1,−3,−5,−31,−51,−g3,−b3,−c3, 4, 6, 41, 61)

kh fmol−1· h−1 dimerization rate constant (where h = g3, b3, c3)

kq h−1 inflow rate constant (where q = g1, g2, cs1, cs2, e1, e2, c1, c2, b1, b2)

kt h−1 outflow rate constant (where q = −g1,−g2,−cs1,−cs2,−e1,−e2,−c1,−c2,−b1,−b2)

kr fmol· h−1 initial rate (where r = g0)

KMα1 fmol defined by (k6 + k−5)/k5

KMβ1 fmol defined by (k4 + k−3)/k3

KMα2d fmol defined by (k61 + k−51)/k51

KMβ2d 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 3.3.

parameter (units) values parameter (units) values

αTot (fmol) 6.47× 100 βTot (fmol) 4.48× 101

SORLATot (fmol) 6.05× 104 Ks (fmol−1) 1.54× 103

k6 (h−1) 1.01× 102 k4 (h−1) 2.42× 10−1

KMα (fmol) 3.85× 104 KMβ (fmol) 4.19× 103

Table B.2.: Estimated parameter values corresponding to the simulations shown in Figure 3.7.

parameter (units) values parameter (units) values

αTot (fmol) 1.74× 100 βTot (fmol) 3.73× 10−1

SORLATot (fmol) 3.59× 104 Ks (fmol−1) 1.14× 103

KB (fmol−1) 3.38× 102 KC (fmol−1) 2.53× 102

KA (fmol−1) 1.17× 10−5

k61 (h−1) 1.37× 102 k41 (h−1) 2.37× 101

KMαd (fmol) 3.13× 102 KMβd (fmol) 5.02× 101
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Table B.3.: Estimated parameter values corresponding to the simulations shown in Figure 3.10.

parameter (units) values parameter (units) values

αTot (fmol) 7.34× 103 βTot (fmol) 6.05× 101

SORLATot (fmol) 5.13× 105 Ks (fmol−1) 7.19× 10−3

KB (fmol−1) 2.10× 103 KC (fmol−1) 7.41× 101

KA (fmol−1) 1.25× 10−1

Monomer processing Dimer processing

without SORLA

k6 (h−1) 9.87× 10−3 k61 (h−1) 4.75× 10−1

KMα (fmol) 4.32× 10−2 KMαd (fmol) 5.51× 103

k4 (h−1) 1.16× 102 k41 (h−1) 1.30× 10−1

KMβ (fmol) 2.93× 102 KMβd (fmol) 6.53× 101

with SORLA

k6 (h−1) 9.87× 10−3 k61 (h−1) 4.75× 10−1

KMα (fmol) 4.32× 10−2 KMαd (fmol) 5.51× 103

k4 (h−1) 1.16× 102 k41 (h−1) 1.30× 10−1

KMβ (fmol) 1.42× 101 KMβd (fmol) 2.19× 105
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B. Estimated parameter values

Table B.4.: Estimated parameter values corresponding to the simulations shown in Figure 4.4.

parameter (units) values parameter (units) values

αTot (fmol) 5.52× 103 βTot (fmol) 1.31× 101

KB3 (fmol−1) 2.55× 10−2 KC3 (fmol−1) 1.52× 10−5

KG3 (fmol−1) 4.45× 1011

Monomer processing Dimer processing

KG1 1.19× 10−9 KG2 2.00× 10−7

KCS1 2.01× 108 KCS2 2.38× 100

KE1 7.33× 10−2 KE2 2.41× 100

KC1 1.80× 101 KC2 1.64× 103

KB1 2.37× 101 KB2 1.90× 102

SORLAmonomer (fmol) 1.23× 101 SORLAdimer (fmol) 2.43× 105

KS1 (fmol−1) 3.16× 10−9 KS2 (fmol−1) 8.35× 103

k6 (h−1) 7.29× 10−4 k61 (h−1) 1.77× 101

KMα1 (fmol) 1.37× 10−2 KMα2d (fmol) 5.91× 103

k4 (h−1) 5.25× 102 k41 (h−1) 6.59× 10−1

KMβ1 (fmol) 2.23× 102 KMβ2d (fmol) 6.50× 101
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Single-compartmental model I 
 
(For Sections 3.1 and 3.2 - with either monomeric or dimeric form of APP) 
 

 

 

function SingleCompartmentModel1 

  

%% 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',  'at');     

elseif (appraoch==99) 

    fid = fopen('SingleCompartmentDimer_global.txt',  'at');     

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); 

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%% initial loop 

loop=1; 

%% row denotes the number of repetitions 

for row=1:500 

  

%% initial parameter values 

% for monomer processing model  

if (appraoch==7) 

    k6=100* rand(1);  

    Atot=100* rand(1);%total amount of alpha-secretase 

    Kma=100* rand(1);  

    k4=100* rand(1);  

    Btot=100* rand(1);%total amount of beta-secretase 

    Kmb=100* rand(1);  

    s=100* rand(1);%SORLA  

    Ks=100* rand(1);%dissociation constant of SORLA and APP  

    Ka=0;%constant ratio for APP dimerization 

    Kb=0;%constant ratio for beta dimerization 



Kc=0;%constant ratio for alpha dimerization 

% 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(1); %corresponds to k61 of the model 

    Atot=100* rand(1);%total amount of alpha-secretase 

    Kma=100* rand(1); %corresponds to Kmad of the model 

    k4=100* rand(1);  %corresponds to k41 of the model 

    Btot=100* rand(1);%total amount of beta-secretase 

    Kmb=100* rand(1); %corresponds to Kmbd of the model       

    s=100* rand(1);%SORLA  

    Ks=100* rand(1);%dissociation constant of SORLA and APP  

    Ka=1* rand(1);%constant ratio for APP dimerization 

    Kb=1* rand(1);%constant ratio for beta dimerization 

    Kc=1* rand(1);%constant ratio for alpha dimerization 

end 

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%     

%% call the nonlinear least square function lsqnonlin()     

    options = optimset('PrecondBandWidth', 0); 

    if (appraoch==7)  

        [parameter,  resi] = lsqnonlin(@mycurve, [k6,  Atot,  Kma,  k4,  Btot,  Kmb, s, Ks], [0 0 0 0 

0 0 0 0], [], options); 

        s=parameter(7); 

        Ks=parameter(8); 

        parameter(21)=parameter(2);%Atot 

        parameter(31)=parameter(3);%Kma        

        parameter(51)=parameter(5);%Btot 

        parameter(61)=parameter(6); %Kmb          

    elseif (appraoch==99)  

        [parameter,  resi] = lsqnonlin(@mycurve, [k6,  Atot,  Kma,  k4,  Btot,  Kmb, s, Ks, Ka, Kb, 

Kc], [0 0 0 0 0 0 0 0], [], 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(1)>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+ sqrt(1.^2+ (8.* Kc.* (1+ Ka.* appF.^2./ 

parameter(3)).* parameter(2))))./ (4.* Kc.* (1+ Ka.* appF.^2./ parameter(3))))./ parameter(3)+ ((- 1+ 

sqrt(1.^2+ (8.* Kb.* (1+ Ka.* appF.^2./ parameter(6)).* parameter(5))))./ (4.* Kb.* (1+ Ka.* appF.^2./ 

parameter(6))))./ parameter(6)); 

end 

  

% with SORLA 

appFs= appFSOLVEs'; 

datums= xdatas8(:, 1); 

if (appraoch==7) 

    appTOTs=appFs.* (1+  (parameter(21)./ (parameter(31)+ appFs))+ (parameter(51)./ (parameter(61)+ 

appFs))+  s./ (Ks+ appFs));  

elseif (appraoch==99) 

    appTOTs=appFs.* (1+  s./ (Ks+ appFs))+  (2.* Ka.* (appFs.^2)).* (1 + ((- 1+ sqrt(1.^2+ (8.* Kc.* 

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

parameter(31))))./ parameter(31)+ ((- 1+ sqrt(1.^2+ (8.* Kb.* (1+ 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 



if (appraoch==99) 

alpha=(- 1+ sqrt(1.^2+ (8.* Kc.* (1+ Ka.* appF.^2./ parameter(3)).* parameter(2))))./ (4.* Kc.* (1+ 

Ka.* appF.^2./ parameter(3))); 

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

Ka.* appF.^2./ parameter(6))); 

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

(1+ Ka.* appFs.^2./ parameter(31))); 

betas =(- 1+ sqrt(1.^2+ (8.* Kb.* (1+ Ka.* appFs.^2./ parameter(61)).* 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=1:u    

   if ( Diff(t) > threshold) 

        count = count + 1; 

   end 

    

   if (appF(t) < 0) 

         count2 = count2 +  1; 

   end   

end 

  

for t=1:uu 

   if ( Diffs(t) > threshold) 

        count = count + 1; 

   end 

    

   if (appFs(t) < 0) 

         count2 = count2 +  1; 

   end   

end 

  

% checkpoint: restart if count or count2 <0 

if ((count >0) || (count2 >0))  

    continue;  

else 

     

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%% 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(1).* parameter(2)./ (parameter(3) + appF); 

elseif (appraoch==99)  

    fitted = 2.* appF .*  parameter(1).* Kc.* alpha.^2./ parameter(3); 

end 



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

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

ylabel('sAPP_\alpha (fmol/ h)', 'interpreter', 'latex') 

xlim([0 400]) 

ylim([0 250]) 

  

figure(4000+ loop) 

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

hold on 

if (appraoch==7) 

    fitted1 = appF .*  parameter(4).* parameter(5)./ (parameter(6)+ appF); 

elseif (appraoch==99)  

    fitted1 = 2.* appF .*  parameter(4).* Kb.* beta.^2./ parameter(6); 

end 

plot(appTOT, fitted1, 'k- ', 'LineWidth', 2) 

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

ylabel('sAPP_\beta (fmol/ h)', 'interpreter', 'latex') 

xlim([0 400]) 

ylim([0 12]) 

  

 %with SORLA 

figure(6000+ loop) 

plot(xdatas8P, ydataAs8, 'k.', 'MarkerSize', 10) 

hold on 

if (appraoch==7) 

    fitteds = appFs .*  parameter(1).* parameter(21)./ (parameter(31) + appFs); 

elseif (appraoch==99) 

    fitteds = 2.* appFs .*  parameter(1).* Kc.* alphas.^2./ parameter(31); 

end 

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

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

ylabel('sAPP_\alpha (fmol/ h)', 'interpreter', 'latex') 

xlim([0 400]) 

ylim([0 250]) 

  

figure(7000+ loop) 

plot(xdatas8P, ydataBs8, 'k.', 'MarkerSize', 10) 

hold on 

if (appraoch==7) 

    fitted1s =  appFs .*  parameter(4).* parameter(51)./ (parameter(61)+ appFs); 

elseif (appraoch==99) 

    fitted1s =  2.* appFs .*  parameter(4).* Kb.* betas.^2./ parameter(61); 

end 

plot(appTOTs, fitted1s, 'k- ', 'LineWidth', 2) 

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

ylabel('sAPP_\beta (fmol/ h)', 'interpreter', 'latex') 

xlim([0 400]) 

ylim([0 12]) 

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%% 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(1), parameter(2),  parameter(3),  parameter(4), parameter(5),  parameter(6),  s,  Ks,  

Ka,  Kb,  Kc); 

  

%%  increment to the next loop 

loop=loop+ 1; 

end 

end 

end 

fclose(fid); 

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

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

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

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); 

  



% 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(10);   Kc=p(11); 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=1: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+ sqrt(1.^2+ (8.* Kc.* (1+ Ka.* appF.^2./ 

p(3)).* p(2))))./ (4.* Kc.* (1+ Ka.* appF.^2./ p(3))))./ p(3)+ ((- 1+ sqrt(1.^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=1:ws 

if (appraoch==7) 

    funcs=@(appFs)(appFs.* (1+  (Atot./ (Kma+ appFs))+ (Btot./ (Kmb+ appFs))+  s./ (Ks+ appFs)) -  

Ps(js, 1)); 

elseif (appraoch==99) 

     funcs=@(appFs)(appFs.* (1+  s./ (Ks+ appFs))+  (2.* Ka.* (appFs.^2)).* (1 + ((- 1+ sqrt(1.^2+ 

(8.* Kc.* (1+ Ka.* appFs.^2./ p(3)).* p(2))))./ (4.* Kc.* (1+ Ka.* appFs.^2./ p(3))))./ p(3)+ ((- 1+ 

sqrt(1.^2+ (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+ sqrt(1.^2+ (8.* Kc.* (1+ Ka.* appF.^2./ p(3)).* p(2))))./ (4.* Kc.* (1+ Ka.* appF.^2./ 

p(3))); 

beta =(- 1+ sqrt(1.^2+ (8.* Kb.* (1+ Ka.* appF.^2./ p(6)).* p(5))))./ (4.* Kb.* (1+ Ka.* appF.^2./ 

p(6))); 

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

Kma)); 

betas =(- 1+ sqrt(1.^2+ (8.* Kb.* (1+ Ka.* appFs.^2./ Kmb).* Btot)))./ (4.* Kb.* (1+ Ka.* appFs.^2./ 

Kmb)); 

end 

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

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

%without SORLA 

if (appraoch==7) 

    fit1 = appF .*  p(1).* p(2)./ (p(3) + appF); 

    fit2 = appF .*  p(4).* p(5)./ (p(6)+ appF); 

elseif (appraoch==99)  

    fit1 = 2.* appF .*  p(1).* Kc.* alpha.^2./ p(3); 

    fit2 = 2.* appF .*  p(4).* Kb.* beta.^2./ p(6); 

end 

%with SORLA 

if (appraoch==7) 

    fit1s = appFs .*  p(1).* Atot./ (Kma + appFs); 

    fit2s =  appFs .*  p(4).* Btot./ (Kmb+ appFs); 

elseif (appraoch==99) 

    fit1s = 2.* appFs .*  p(1).* 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 

err11 = (fit1 -  data(:, 2))./ sqrt((sum(data(:, 2))./ w)); 

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

err11s = (fit1s -  datas(:, 2)) ./ sqrt((sum(datas(:, 2))./ ws)); 

err22s = (fit2s -  datas(:, 3)) ./ sqrt((sum(datas(:, 3))./ ws));   

errWO= [err11,  err22];  

errW= [err11s,  err22s];  

% error vector 

err=vertcat(errWO, errW); 

end end 



Single-compartmental model II 
 
(For Sections 3.3 - with both monomeric and dimeric forms of APP) 
 

 

function SingleCompartmentModel2 

  

%% clear screen 

clc 

  

%% global variables 

global data; 

global datas; 

global Parameter;  

  

%% load experimental data 

PREdata= load('CHO.txt'); %without 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',  'at'); 

elseif (choice==13) 

   fid = fopen('SingleCompartmentBoth_localKmb.txt',  'at'); 

elseif (choice==14) 

   fid = fopen('SingleCompartmentBoth_global.txt',  'at'); 

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; 

xdata8s=xdatas; 

ydataA8s=ydataAs; 

ydataB8s=ydataBs; 

% a copy of vector APP in nM for plotting purpose 

xdata8P= data(:, 1); 

xdata8sP= datas(:, 1); 

  

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%% initial loop 

loop=1; 

%% row denotes the number of repetitions 

for row=1:500 

     

%% initial parameter values 

% for dimer processing 

k6d=100* rand(1);  

Kmad=100* rand(1);        

k4d=100* rand(1);      

Kmbd=100* rand(1);            

% for monomer processing 

k6=100* rand(1);       

Kma=100* rand(1);        

k4=100* rand(1);  

Kmb=100* rand(1);            

% shared by both processing 



Atot=100* rand(1); %total amount of alpha-secretase 

Btot=100.* rand(1); %total amount of beta-secretase 

Ka=100* rand(1);   %constant ratio for APP dimerization 

Kb=100* rand(1);    %constant ratio for beta dimerization 

Kc=100* rand(1);    %constant ratio for alpha dimerization 

sor=100* rand(1); %SORLA  

Ksor=100* rand(1);%dissociation constant of SORLA and APP  

tune=100* rand(1);%variable that may varies for local estimation of Km values 

tune2=100* rand(1);%variable that may varies for local estimation of Km values 

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%     

%% call the nonlinear least square function lsqnonlin()   

options = optimset('PrecondBandWidth', 0); 

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

[Parameter,  resi] = lsqnonlin(@mycurve, [Atot, Btot, k6d,  Kmad,  k4d,  Kmbd, k6, Kma, k4, Kmb, Ka,  

Kb,  Kc, sor, Ksor, tune, tune2], [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0], [], options); 

elseif (choice==14) 

[Parameter,  resi] = lsqnonlin(@mycurve, [Atot,  Btot,  k6d,  Kmad,  k4d,  Kmbd, k6, Kma, k4, Kmb, Ka,  

Kb,  Kc, sor, Ksor], [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0], [], options); 

end 

%with SORLA (temporarily assignment) 

Parameter(101)=Parameter(1);%Atot 

Parameter(102)=Parameter(2);%Btot 

Parameter(103)=Parameter(3);%k6d 

Parameter(105)=Parameter(5);%k4d 

Parameter(107)=Parameter(7);%k6 

Parameter(109)=Parameter(9);%k4  

Parameter(111)=Parameter(11);%Ka 

Parameter(112)=Parameter(12);%Kb 

Parameter(113)=Parameter(13);%Kc 

if (choice==12) 

Parameter(104)=Parameter(16);%Kma dimer 

Parameter(106)=Parameter(6);%Kmb dimer 

Parameter(108)=Parameter(17);%Kma monomer 

Parameter(110)=Parameter(10);%Kmb monomer 

elseif (choice==13) 

Parameter(104)=Parameter(4);%Kma dimer 

Parameter(106)=Parameter(16);%Kmb dimer 

Parameter(108)=Parameter(8);%Kma monomer 

Parameter(110)=Parameter(17);%Kmb monomer 

elseif (choice==14) 

Parameter(104)=Parameter(4);%Kma dimer 

Parameter(106)=Parameter(6);%Kmb dimer 

Parameter(108)=Parameter(8);%Kma monomer 

Parameter(110)=Parameter(10);%Kmb monomer 

end 

Ka=Parameter(11); 

Kb=Parameter(12); 

Kc=Parameter(13); 

s=Parameter(14); 

Ks=Parameter(15); 

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%% to check if there is negative parameter estimated  

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(1).*  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(10) -  2.*  Kb.*  Parameter(10).*  Parameter(6))))./ (4.*  

(appF.^2 .* Ka.*  Kb.*  Parameter(10) +  Kb.*  Parameter(10).*  Parameter(6))); 

appTOT=appF.* (1+  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) +  sqrt((- appFs.* Parameter(104) 

-  Parameter(108).* Parameter(104)).^2 -  4.*  Parameter(101).*  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) +  sqrt((- appFs.* Parameter(106) 

-  Parameter(110).* Parameter(106)).^2 -  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)); 

  

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%% 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); 

us=length(appFs); 

threshold = 0.00000001; 

count=0; 

count2=0; 

for t=1:u 

   if ( Diff(t) > threshold) 

        count = count + 1; 

   end 

   if (appF(t) < 0) 

         count2 = count2 +  1; 

   end   

end 

for ts=1: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 

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%% Plotting: plot the original data together with simulation results of the model 

% See Equations 3.22 and 3.23 

  

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  

fitteda1 = 2.* (appD).* (Kc.* (alpha.^2)).*  Parameter(3)./ Parameter(4); %dimer 

fitteda2 = (appM).* alpha.*  Parameter(7)./ Parameter(8); %monomer 

fitteda1P = fitteda1; 

fitteda2P = fitteda2; 

fitted = fitteda1P+  fitteda2P; 

plot(appTOT, fitteda1P, '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)') 

xlim([0 400]) 

ylim([0 250]) 

  

figure(4000+ loop) 

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

hold on 

fitted11 = 2.* (appD).* (Kb.* (beta.^2)).*  Parameter(5)./ Parameter(6); %dimer 

fitted12 = (appM).* beta.*  Parameter(9)./ Parameter(10); %monomer 

fitted11P = fitted11; 

fitted12P = fitted12; 

fitted1=fitted11P+ fitted12P; 

plot(appTOT, fitted11P, 'g- ', 'LineWidth', 2)%dimer 

plot(appTOT, fitted12P, 'm- ', 'LineWidth', 2)%monomer 

plot(appTOT, fitted1, 'k- ', 'LineWidth', 2) 

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

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

xlim([0 400]) 

ylim([0 12]) 

  

% with SORLA 

figure(6000+ loop) 

plot(xdata8sP, ydataA8s, 'k.', 'MarkerSize', 10) 

hold on  

fitteda1s = 2.* (appDs).* (Kc.* (alphas.^2)).*  Parameter(103)./ Parameter(104); %dimer 

fitteda2s = (appMs).* alphas.*  Parameter(107)./ Parameter(108); %monomer 

fitteda1Ps = fitteda1s; 

fitteda2Ps = fitteda2s; 

fitteds = fitteda1Ps+  fitteda2Ps; 

plot(appTOTs, fitteda1Ps, '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)') 

xlim([0 400]) 

ylim([0 250]) 

  

figure(7000+ loop) 

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

hold on 

fitted11s = 2.* (appDs).* (Kb.* (betas.^2)).*  Parameter(105)./ Parameter(106); %dimer 

fitted12s = (appMs).* betas.*  Parameter(109)./ Parameter(110); %monomer 

fitted11Ps = fitted11s; 

fitted12Ps = fitted12s; 

fitted1s=fitted11Ps+ fitted12Ps; 

plot(appTOTs, fitted11Ps, 'g- ', 'LineWidth', 2)%dimer 

plot(appTOTs, fitted12Ps, 'm- ', 'LineWidth', 2)%monomer 

plot(appTOTs, fitted1s, 'k- ', 'LineWidth', 2) 

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

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

xlim([0 400]) 

ylim([0 12]) 

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%% Record the 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); 

  

%%  increment to the next loop 

loop=loop+ 1;  

end 

end 

end 

fclose(fid);     

  

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

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

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

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=1:w 

func=@(appF)(appF.* (1+  ((- appF.* p(4) -  p(8).* p(4) +  sqrt((- appF.* p(4) -  p(8).* p(4)).^2 -  

4.*  p(1).*  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(10).* p(6) +  

sqrt((- appF.* p(6) -  p(10).* p(6)).^2 -  4.*   p(2).*  p(10).*  p(6).*  (- 2.*  appF.^2.*  Ka.*  

Kb.*  p(10) -  2.*  Kb.*  p(10).*  p(6))))./ (4.*  (appF.^2 .* Ka.*  Kb.*  p(10) +  Kb.*  p(10).*  

p(6))))./ p(10)) + (2.* Ka.* appF.^2).* (1 +  Kc.* (((- appF.* p(4) -  p(8).* p(4) +  sqrt((- appF.* 

p(4) -  p(8).* p(4)).^2 -  4.*  p(1).*  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(10).* p(6) +  sqrt((- appF.* p(6) -  p(10).* p(6)).^2 -  4.*   p(2).*  p(10).*  

p(6).*  (- 2.*  appF.^2.*  Ka.*  Kb.*  p(10) -  2.*  Kb.*  p(10).*  p(6))))./ (4.*  (appF.^2 .* Ka.*  

Kb.*  p(10) +  Kb.*  p(10).*  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=1:ws 

funcs=@(appFs)(appFs.* (1+  ((- appFs.* Kmad -  Kma.* Kmad +  sqrt((- appFs.* Kmad -  Kma.* Kmad).^2 -  

4.*  p(1).*  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 +  sqrt((- 

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)))./ Kmb) + (2.* 

Ka.* appFs.^2).* (1 +  Kc.* (((- appFs.* Kmad -  Kma.* Kmad +  sqrt((- appFs.* Kmad -  Kma.* Kmad).^2 

-  4.*  p(1).*  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 +  sqrt((- 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'; 

   

%% solve for secretases (see Equations 3.21) 

% without SORLA 

alpha=(- app.*  p(4) -   p(8).*  p(4) +  sqrt((- app.*  p(4) -   p(8).*  p(4)).^2 -  4.*   p(1).*   

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) +  sqrt((- app.*  p(6) -   p(10).*  p(6)).^2 -  4.*   p(2).*   

p(10).*   p(6).*  (- 2.*  app.^2.*  Ka.*  Kb.*   p(10) -  2.*  Kb.*   p(10).*   p(6))))./ (4.*  

(app.^2 .* Ka.*  Kb.*   p(10) +  Kb.*   p(10).*   p(6))); 

%without SORLA 



alphas=(-  apps.*  Kmad -   Kma.*  Kmad +  sqrt((-  apps.*  Kmad -   Kma.*  Kmad).^2 -  4.*   Atot.*   

Kma.*   Kmad.*  (- 2.*   apps.^2.*  Ka.*  Kc.*   Kma -  2.*  Kc.*   Kma.*   Kmad)))./ (4.*  

( apps.^2 .* Ka.*  Kc.*   Kma +  Kc.*   Kma.*   Kmad)); 

betas =(-  apps.*  Kmbd -   Kmb.*  Kmbd +  sqrt((-  apps.*  Kmbd -   Kmb.*  Kmbd).^2 -  4.*   Btot.*   

Kmb.*   Kmbd.*  (- 2.*   apps.^2.*  Ka.*  Kb.*   Kmb -  2.*  Kb.*   Kmb.*   Kmbd)))./ (4.*  

( 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 

fit11 =2.* (appDim) .*  Kc.* (alpha.^2).* p(3)./ p(4);% sAPPa 

fit21= 2.* (appDim) .*  Kb.* (beta.^2).* p(5)./ p(6);% sAPPb 

% without SORLA for monomer processing 

fit12 = appMon .*  alpha.* p(7)./ p(8);% sAPPa 

fit22= appMon .*  beta.* p(9)./ p(10);% sAPPb 

% sum of  products w/o SORLA in monomer and dimer 

fit1 = (fit11+ fit12); % sAPPa 

fit2 = (fit21+ fit22); % sAPPb 

  

% with SORLA for dimer processing 

fit11s =2.* (appDims) .*  Kc.* (alphas.^2).* p(3)./ Kmad;% sAPPa 

fit21s= 2.* (appDims) .*  Kb.* (betas.^2).* p(5)./ Kmbd;% sAPPb 

% with SORLA for monomer processing 

fit12s = appMons .*  alphas.* p(7)./ Kma;% sAPPa 

fit22s = appMons .*  betas.* p(9)./ Kmb;% sAPPb 

% sum of  products w/ SORLA in monomer and dimer 

fit1s = (fit11s+ fit12s); % sAPPa 

fit2s = (fit21s+ fit22s); % sAPPb 

  

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

err11 = (fit1 -  data(:, 2))./ sqrt((sum(data(:, 2))./ w)); 

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

err11s = (fit1s -  datas(:, 2)) ./ sqrt((sum(datas(:, 2))./ ws)); 

err22s = (fit2s -  datas(:, 3)) ./ sqrt((sum(datas(:, 3))./ ws)); 

% error vector 

err=vertcat(err11,  err22,  err11s, err22s); 

end  

end 

  



Multi-compartmental model 
 
(For Sections 4.2 – compartmental model with both monomeric and dimeric  
forms of APP) 
 

 

function MultiCompartmentalModel 

  

%% clear screen 

clc 

  

%% declare global variables 

global data; 

global datas; 

global Parameter; 

  

%% 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 

fid = fopen('MultiCompartmentalModel.txt', 'at'); 

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%  

%% 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; 

xdata8s=xdatas; 

ydataA8s=ydataAs; 

ydataB8s=ydataBs; 

% a copy of vector APP in nM for plotting purpose 

xdata8P= data(:,1); 

xdata8sP= datas(:,1); 

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%  

%% 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.^2)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} 

% % Kcs1 denotes Kcs1.* Kg1 from mathematical model in Section~\ref{sec:MultiCompartmentmodel} 

% % Kcs2 denotes Kcs2.* (Kg3.* (Kg2.^2)) from mathematical model in 

Section~\ref{sec:MultiCompartmentmodel} 

% % Kee1 denotes Kee1.* (Kcs1.* Kg1) from mathematical model in Section~\ref{sec:MultiCompartmentmodel} 

% % Kee2 denotes Kee2.* (Kcs2.* Kg3.* (Kg2.^2)) from mathematical model in 

Section~\ref{sec:MultiCompartmentmodel} 

% % Ks1 denotes Ks1.* Kg1 from mathematical model in Section~\ref{sec:MultiCompartmentmodel} 

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

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%  

%% initial parameter values 

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

k6d=100* rand(1);  Kmad=100* rand(1);  k4d=100* rand(1);  Kmbd=100* rand(1);     

k6=100* rand(1);   Kma=100* rand(1);   k4=100* rand(1);   Kmb=100* rand(1);     

Kg1=100* rand(1);  Kg2=100* rand(1); 

Kcs1=100* rand(1); Kcs2=100* rand(1);  Kee1=100* rand(1); Kee2=100* rand(1);  

Kc1=100* rand(1);  Kc2=100* rand(1); 



   Kb1=100* rand(1);  Kb2=100* rand(1);   

   Kg3=100* rand(1);  Kc3=100* rand(1);  Kb3=100* rand(1);    

   Ks1=100* rand(1);  Ks2=100* rand(1);  SORtotm=100* rand(1); SORtotd=100* rand(1); 

  

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%  

%% call the nonlinear least square function lsqnonlin() 

options = optimset('PrecondBandWidth',0); 

%27 parameters all in all 

[Parameter, resi] = lsqnonlin(@mycurve,[Atot, Btot, k6d, Kmad, k4d, Kmbd, k6, Kma, k4, Kmb, Kg1, Kg2, 

Kcs1, Kcs2, Kee1, Kee2, Kc1, Kc2, Kb1, Kb2, Kg3, Kc3, Kb3, Ks1, Ks2, SORtotm, SORtotd],[0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0],[],options) 

  

Atot=Parameter(1); Btot=Parameter(2);  

k6d=Parameter(3);   Kmad=Parameter(4);  k4d=Parameter(5);   Kmbd=Parameter(6);  

k6=Parameter(7);    Kma=Parameter(8);   k4=Parameter(9);    Kmb=Parameter(10);     

Kg1=Parameter(11);  Kg2=Parameter(12);   

Kcs1=Parameter(13); Kcs2=Parameter(14); Kee1=Parameter(15); Kee2=Parameter(16);  

Kc1=Parameter(17);  Kc2=Parameter(18);  Kb1=Parameter(19);  Kb2=Parameter(20);   

Kg3=Parameter(21);  Kc3=Parameter(22);  Kb3=Parameter(23);    

Ks1=Parameter(24);  Ks2=Parameter(25);  SORtotm=Parameter(26);  SORtotd=Parameter(27); 

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%  

%% to check if there is negative parameter estimated 

if (Parameter(1)>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(11)>1 && Parameter(12)>1 && Parameter(13)>0 && Parameter(14)>0 && Parameter(15)>0 && 

Parameter(16)>0 && Parameter(17)>1 && Parameter(18)>1 && Parameter(19)>1 && Parameter(20)>1 && 

Parameter(21)>0 && Parameter(22)>0 && Parameter(23)>0 && Parameter(24)>0 && Parameter(25)>0 && 

Parameter(26)>0 && Parameter(27)>0 ) 

     

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%  

%% Mathematical representation 

APP= appFSOLVE'; %APP_init solved given APP_tot w/ o SORLA 

APPms= appFSOLVEms'; %APPms *  Kg1 denotes APP_G1 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.^2) 

% Kb3  = Kb3.* (Kb2.^2) 

% Kg3  = Kg3.* (Kg2.^2) 

% Kcs1 = Kcs1.* Kg1 

% Kcs2 = Kcs2.* (Kg3.* (Kg2.^2)) 

% Kee1 = Kee1.* (Kcs1.* Kg1) 

% Kee2 = Kee2.* (Kcs2.* Kg3.* (Kg2.^2)) 

% Ks1 = Ks1.* Kg1 

% Ks2 = Ks2.* Kg2 

  

%% without SORLA 

% alpha denotes alpha_init 

% beta denotes beta_init  

% appTOT denotes APP_init 

  

% see Equations 4.17 

alpha   = (- (1+ Kc2+ Kc1.* (1+ Kcs1.* APP./ Kma)) +  sqrt((1+ Kc2+ Kc1.* (1+ Kcs1.* 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+ Kb1.* (1+ Kee1.* APP./ Kmb)) +  sqrt((1+ Kb2+ Kb1.* (1+ Kee1.* 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+ Kg1+ Kg2+ Kcs1.* (1+ Kc1.* ((- (1+ Kc2+ Kc1.* (1+ Kcs1.* APP./ Kma)) +  sqrt((1+ 

Kc2+ Kc1.* (1+ Kcs1.* APP./ Kma)).^2- 4.* (2.* Kc3.* (1+ Kcs2.* APP.^2./ Kmad)).* (- Atot)))./ (2.* 

(2.* Kc3.* (1+ Kcs2.* APP.^2./ Kmad))))./ Kma)+ Kee1.* (1+ Kb1.* ((- (1+ Kb2+ Kb1.* (1+ Kee1.* APP./ 

Kmb)) +  sqrt((1+ Kb2+ Kb1.* (1+ Kee1.* APP./ Kmb)).^2- 4.* (2.* Kb3.* (1+ Kee2.* APP.^2./ Kmbd)).* (- 

Btot)))./ (2.* (2.* Kb3.* (1+ Kee2.* APP.^2./ Kmbd))))./ Kmb))+ ... %monomer processing 

2.* (APP.^2).* (Kg3+ Kcs2.* (1+ Kc3.* (((- (1+ Kc2+ Kc1.* (1+ Kcs1.* APP./ Kma)) +  sqrt((1+ Kc2+ 

Kc1.* (1+ Kcs1.* 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+ Kb1.* (1+ Kee1.* APP./ 

Kmb)) +  sqrt((1+ Kb2+ Kb1.* (1+ Kee1.* 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.* Kc1 = alpha_1 

% alphads.* Kc2 = alpha_2 

% betams.* Kb1 = 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 



  

% see Equations 4.19 and 4.21 

alphams = Atotms./ (Kc1.* (1+ Kcs1.* APPms./ Kma)); 

alphads = (- Kc2 +  sqrt(Kc2.^2- 4.* (2.* Kc3.* (1+ Kcs2.* (APPds.^2)./ Kmad)).* (- Atotds)))./ (4.* 

Kc3.* (1+ Kcs2.* (APPds.^2)./ Kmad)); 

  

betams  = Btotms./ (Kb1.* (1+ Kee1.* APPms./ Kmb)); 

betads  = (- Kb2 +  sqrt(Kb2.^2- 4.* (2.* Kb3.* (1+ Kee2.* (APPds.^2)./ Kmbd)).* (- Btotds)))./ (4.* 

Kb3.* (1+ Kee2.* (APPds.^2)./ Kmbd)); 

  

appTOTms = APPms.* (Kg1+ Kcs1.* (1+ Kc1.* alphams./ Kma)+ Kee1.* (1+ Kb1.* betams./ Kmb))+ Ks1.* 

(SORtotm./ (1+  Ks1.* APPms)).* APPms;  

appTOTds    = Kg2.* APPds +  2.* (APPds.^2).* (Kg3+ Kcs2.* (1+ Kc3.* (alphads.^2)./ Kmad)+ Kee2.* (1+ 

Kb3.* (betads.^2)./ Kmbd))+ Ks2.* (SORtotd./ (1+  Ks2.* APPds)).* APPds;  

appTOTs = APP+ appTOTms+ appTOTds; 

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%  

%% 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(APP); 

us=length(APPms); 

threshold = 0.00000001; 

count=0; 

count2=0; 

for t=1:u 

   if ( Diff(t) > threshold) 

        count = count + 1; 

   end 

    

   if (APP(t) < 0) 

         count2 = count2 +  1; 

   end   

end 

  

for ts=1: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 

  

% checkpoint: restart if count or count2 <0 

if ((count >0) || (count2 >0)) 

    continue;  

else 

   

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%% Plotting: plot the original data together with simulation results of the model 

% See Equations 4.6 – 4.8 

  

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=appFree; 

appD=(appFree.^2); 

appMs=appFreems; 

appDs=(appFreeds.^2); 

  

% without SORLA 



figure(3000+ loop) 

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

hold on  

fitteda1 = 2.* (Kcs2.* appD).* (Kc3.* (alpha.^2)).* k6d./ Kmad; % sAPPa in dimer processing 

fitteda2 = (Kcs1.* appM).* (Kc1.* alpha).*  k6./ Kma; % sAPPa in monomer processing 

fitteda1P = fitteda1; 

fitteda2P = fitteda2; 

fitted = fitteda1P+  fitteda2P; 

plot(appTOT,fitteda1P,'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)'); 

xlim([0 400]) 

ylim([0 250]) 

  

figure(4000+ loop) 

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

hold on 

fitted11 = 2.* (Kee2.* appD).* (Kb3.* (beta.^2)).* k4d./ Kmbd; %sAPPb in dimer processing 

fitted12 = (Kee1.* appM).* (Kb1.* beta).*  k4./ Kmb; %sAPPb in monomer processing 

fitted11P = fitted11; 

fitted12P = fitted12; 

fitted1=fitted11P+ fitted12P; 

plot(appTOT,fitted11P,'g- ','LineWidth',2)%dimer 

plot(appTOT,fitted12P,'m- ','LineWidth',2)%monomer 

plot(appTOT,fitted1,'k- ','LineWidth',2) 

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

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

xlim([0 400]) 

ylim([0 12]) 

  

% with SORLA 

figure(6000+ loop) 

plot(xdata8sP,ydataA8s,'k.','MarkerSize',10) 

hold on  

fitteda1s = 2.* (Kcs2.* appDs).* (Kc3.* (alphads.^2)).* k6d./ Kmad; %sAPPa in dimer processing 

fitteda2s = (Kcs1.* appMs).* (Kc1.* alphams).*  k6./ Kma; %sAPPa in monomer processing 

fitteda1Ps = fitteda1s; 

fitteda2Ps = fitteda2s; 

fitteds = fitteda1Ps+  fitteda2Ps; 

plot(appTOTs,fitteda1Ps,'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)'); 

xlim([0 400]) 

ylim([0 250]) 

  

figure(7000+ loop) 

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

hold on 

fitted11s = 2.* (Kee2.* appDs).* (Kb3.* (betads.^2)).* k4d./ Kmbd; %sAPPb in dimer processing 

fitted12s = (Kee1.* appMs).* (Kb1.* betams).*  k4./ Kmb; %sAPPb in monomer processing 

fitted11Ps = fitted11s; 

fitted12Ps = fitted12s; 

fitted1s=fitted11Ps+ fitted12Ps; 

plot(appTOTs,fitted11Ps,'g- ','LineWidth',2)%dimer 

plot(appTOTs,fitted12Ps,'m- ','LineWidth',2)%monomer 

plot(appTOTs,fitted1s,'k- ','LineWidth',2) 

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

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

xlim([0 400]) 

ylim([0 12]) 

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%  

%% Record residual value and 27 estimated paramters into the text file 

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\backslashn', resi, Atot, Btot, k6d, Kmad, k4d, Kmbd, k6, Kma, k4, Kmb, Kg1, Kg2, 

Kcs1, Kcs2, Kee1, Kee2, Kc1, Kc2, Kb1, Kb2, Kg3, Kc3, Kb3, Ks1, Ks2, SORtotm, SORtotd); 

  

%% increment to the next loop 

loop=loop+ 1;  

  

end 

end 

end 

  



%% close the file that is opened earlier 

fclose(fid); 

  

  

  

%% %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%  

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

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%  

function err = mycurve(p) 

     

%% initial assumptions: 

Atot=p(1);  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);  Kg1=p(11);  Kg2=p(12); Kcs1=p(13); Kcs2=p(14); Kee1=p(15);  Kee2=p(16);  Kc1=p(17); 

Kc2=p(18);  Kb1=p(19);  Kb2=p(20); Kg3=p(21);  Kc3=p(22);  Kb3=p(23);   Ks1=p(24);   Ks2=p(25); 

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

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%  

%% create a vector to be used for APPinit, APPmonomer, and APPdimer 

P = xdata8(:,1); 

w=length(P); 

appFSOLVE=zeros(1,w); 

Ps = xdata8s(:,1); 

ws=length(Ps); 

appFSOLVEs=zeros(1,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+ Kg1+ Kg2+ Kcs1.* (1+ Kc1.* ((- (1+ Kc2+ Kc1.* (1+ Kcs1.* APP./ Kma)) +  

sqrt((1+ Kc2+ Kc1.* (1+ Kcs1.* APP./ Kma)).^2- 4.* (2.* Kc3.* (1+ Kcs2.* APP.^2./ Kmad)).* (- 

Atot)))./ (2.* (2.* Kc3.* (1+ Kcs2.* APP.^2./ Kmad))))./ Kma)+ Kee1.* (1+ Kb1.* ((- (1+ Kb2+ Kb1.* (1+ 

Kee1.* APP./ Kmb)) +  sqrt((1+ Kb2+ Kb1.* (1+ Kee1.* APP./ Kmb)).^2- 4.* (2.* Kb3.* (1+ Kee2.* 

APP.^2./ Kmbd)).* (- Btot)))./ (2.* (2.* Kb3.* (1+ Kee2.* APP.^2./ Kmbd))))./ Kmb))+  2.* (APP.^2).* 

(Kg3+ Kcs2.* (1+ Kc3.* (((- (1+ Kc2+ Kc1.* (1+ Kcs1.* APP./ Kma)) +  sqrt((1+ Kc2+ Kc1.* (1+ Kcs1.* 

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+ Kb1.* (1+ Kee1.* APP./ Kmb)) +  sqrt((1+ 

Kb2+ Kb1.* (1+ Kee1.* 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(j)],optimset('fzero')); 

end 

  

%% 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 

  

for j=1:ws 

func=@(APP)( APP.* (1+ Kg1+ Kg2+ Kcs1.* (1+ Kc1.* ((- (1+ Kc2+ Kc1.* (1+ Kcs1.* APP./ Kma)) +  

sqrt((1+ Kc2+ Kc1.* (1+ Kcs1.* APP./ Kma)).^2- 4.* (2.* Kc3.* (1+ Kcs2.* APP.^2./ Kmad)).* (- 

Atot)))./ (2.* (2.* Kc3.* (1+ Kcs2.* APP.^2./ Kmad))))./ Kma)+ Kee1.* (1+ Kb1.* ((- (1+ Kb2+ Kb1.* (1+ 

Kee1.* APP./ Kmb)) +  sqrt((1+ Kb2+ Kb1.* (1+ Kee1.* APP./ Kmb)).^2- 4.* (2.* Kb3.* (1+ Kee2.* 

APP.^2./ Kmbd)).* (- Btot)))./ (2.* (2.* Kb3.* (1+ Kee2.* APP.^2./ Kmbd))))./ Kmb))+  2.* (APP.^2).* 

(Kg3+ Kcs2.* (1+ Kc3.* (((- (1+ Kc2+ Kc1.* (1+ Kcs1.* APP./ Kma)) +  sqrt((1+ Kc2+ Kc1.* (1+ Kcs1.* 

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+ Kb1.* (1+ Kee1.* APP./ Kmb)) +  sqrt((1+ 

Kb2+ Kb1.* (1+ Kee1.* 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 APPg1 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 

  

apps=appFSOLVEs'; 

alphas  = (- (1+ Kc2+ Kc1.* (1+ Kcs1.* apps./ Kma)) +  sqrt((1+ Kc2+ Kc1.* (1+ Kcs1.* apps./ Kma)).^2- 

4.* (2.* Kc3.* (1+ Kcs2.* apps.^2./ Kmad)).* (- Atot)))./ (2.* (2.* Kc3.* (1+ Kcs2.* apps.^2./ Kmad))); 

betas   = (- (1+ Kb2+ Kb1.* (1+ Kee1.* apps./ Kmb)) +  sqrt((1+ Kb2+ Kb1.* (1+ Kee1.* apps./ Kmb)).^2- 

4.* (2.* Kb3.* (1+ Kee2.* apps.^2./ Kmbd)).* (- Btot)))./ (2.* (2.* Kb3.* (1+ Kee2.* apps.^2./ Kmbd))); 

  

Atotms  = (alphas.* Kc1).* (1+ Kcs1.* apps./ Kma); 

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

Btotms  = (betas.* Kb1).* (1+ Kee1.* apps./ Kmb); 

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

APPtotms    = apps.* (Kg1+ Kcs1.* (1+ Kc1.* alphas./ Kma)+ Kee1.* (1+ Kb1.* 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 (APPg1 and APPg2) such that APPms* Kg1 and APPds* 

Kg1 correspond to APPG1 and APPG2 in the model representation, respectively. (See Equations 4.19) 

  

for js=1:ws 

funcs=@(APPms)(APPms.* (Kg1+ Kcs1.* (1+ Kc1.* (Atotms(js,1)./ (Kc1.* (1+ Kcs1.* APPms./ Kma)))./ Kma)+ 

Kee1.* (1+ Kb1.* (Btotms(js,1)./ (Kb1.* (1+ Kee1.* APPms./ Kmb)))./ Kmb))+  Ks1.* (SORtotm./ (1+  

Ks1.* APPms)).* APPms -  APPtotms(js,1)); 

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

end  

  

for js=1:ws 

funcs=@(APPds)(Kg2.* APPds +  2.* (APPds.^2).* (Kg3+ Kcs2.* (1+ Kc3.* (((- Kc2 +  sqrt(Kc2.^2- 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.^2- 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,1)); 

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

end  

  

%% 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 

% Btot denotes the conserved amount of beta-secretase  

app=appFSOLVE'; 

alpha   = (- (1+ Kc2+ Kc1.* (1+ Kcs1.* app./ Kma)) +  sqrt((1+ Kc2+ Kc1.* (1+ Kcs1.* app./ Kma)).^2- 

4.* (2.* Kc3.* (1+ Kcs2.* app.^2./ Kmad)).* (- Atot)))./ (2.* (2.* Kc3.* (1+ Kcs2.* app.^2./ Kmad))); 

beta    = (- (1+ Kb2+ Kb1.* (1+ Kee1.* app./ Kmb)) +  sqrt((1+ Kb2+ Kb1.* (1+ Kee1.* app./ Kmb)).^2- 

4.* (2.* Kb3.* (1+ Kee2.* app.^2./ Kmbd)).* (- Btot)))./ (2.* (2.* Kb3.* (1+ Kee2.* app.^2./ Kmbd))); 

  

% with SORLA (see Equations 4.22 and 4.23) 

% alphams.* Kc1 denotes alpha_1 

% alphads.* Kc2 denotes alpha_2 

% betams.* Kb1 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* Kg1 is APPG1 in the equations shown in Section~\ref{sec:MultiCompartmentmodel} 

% appds* Kg1 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./ (Kc1.* (1+ Kcs1.* appms./ Kma)); 

betams  = Btotms./ (Kb1.* (1+ Kee1.* appms./ Kmb)); 

%dimer procssing with SORLA 

alphads = (- Kc2 +  sqrt(Kc2.^2- 4.* (2.* Kc3.* (1+ Kcs2.* (appds.^2)./ Kmad)).* (- Atotds)))./ (4.* 

Kc3.* (1+ Kcs2.* (appds.^2)./ Kmad)); 

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

Kb3.* (1+ Kee2.* (appds.^2)./ Kmbd)); 

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%  

%% fitting to the experimental data (see Equations 4.6 – 4.8) 

% with SORLA for monomer processing 

fit11 =k6.* Kc1.* alpha.* Kcs1.* app./ Kma;% sAPPa 

fit21= k4.* Kb1.* beta.* Kee1.* app./ Kmb;% sAPPb 

% without SORLA for dimer processing 

fit12 = 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 

fit1 = (fit11+ fit12); % sAPPa 

fit2 = (fit21+ fit22); % sAPPb 

  

% fitting with SORLA monomer(refer to Equations16 in supplementary information) 

% with SORLA for monomer processing 

fit12s = k6.* Kc1.* alphams.* Kcs1.* appms./ Kma;% sAPPa 

fit22s = k4.* Kb1.* betams.* Kee1.* appms./ Kmb;% sAPPb 

% without SORLA for dimer processing 

fit11s =2.* k6d.* Kc3.* (alphads.^2).* Kcs2.* (appds.^2)./ Kmad;% sAPPa 

fit21s= 2.* k4d.* Kb3.* (betads.^2).* Kee2.* (appds.^2)./ Kmbd;% sAPPb 

% sum of  products w/ SORLA in monomer and dimer 

fit1s = (fit11s+ fit12s); % sAPPa 

fit2s = (fit21s+ fit22s); % sAPPb 

  

  

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

% without SORLA 

err11 = (fit1 -  data(:,2))./ sqrt((sum(data(:,2))./ w)); 

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



% with SORLA 

errAPPs = (appTOTS -  datas(:,1))./ sqrt((sum(datas(:,1))./ ws)); 

err11s = (fit1s -  datas(:,2)) ./ sqrt((sum(datas(:,2))./ ws)); 

err22s = (fit2s -  datas(:,3)) ./ sqrt((sum(datas(:,3))./ ws)); 

% error vector 

err=vertcat(errAPPs, err11, err22, err11s, err22s); 

end  

end 
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Mathematical Modeling of APP Processing 
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Abstract
Background: Alzheimer's disease (AD) is a neurodegenerative disorder characterized 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 model, 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 estimated by optimization from dose-response series for and as a function of total amount

of APP for cells with or without SORLA. We have systematically compared the goodness of fit of (a) model with only monomer processing, (b) model with only dimer processing, and (c) combined model with both monomer and

dimer processing, on a series of dose-response data. In the combined 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 parameters except the parameters describing -secretase 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.
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APP is cleaved

by either - or

-secretase.

The sequential

cleavage of

APP producing

is called

amyloidogenic

pathway.

Regulated expression of APP: Cells were incubated

with doxycycline of the indicated concentrations for

24h. Thereafter, cells and media were harvested and

protein extracts and media were subjected to

Western blot analysis using anti-serum APP (1),

monoclonal anti- (2), and polyclonal anti-

( 3 ) a n t i b o d y . W e s t e r n b l o t s

showing decreased APP protein and APP processing

products with increasing doxycycline concentration.

(2) sAPP

(3) sAPP

(1) APPTot

ODEs Conservation law assumptions

Model A: with only monomer processing 

Model B: with only dimer processing 

Model C: with both monomer and dimer processing 
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Through justifiable assumptions of quasi-steady state and conservation law,

simplified ODEs describe the formation of end products in the APP under the

influence of SORLA. Note that , , and APP (free -secretase, -secretase and

APP) in each equations are replaced by their respective Tot, Tot, and APPTot

functions (total amount of -secretase, -secretase and APP). For every CXY is a

complex function of X and Y, wherein d, d and APPd are functions of , , and

APP, respectively.

[Andersen, Trends in Neuroscience 2006]

Since Model C:global-local describes an indirect influence of SORLA,

the intermediate levels of SORLA expression between the cooperative

and non-cooperative regimes are calculated also in an indirect manner

by determining the dependencies of KM and KM d on the intermediate of

SORLA

Based on the parameter values of Model C:global-local, we simulated

the kinetics of and production in dependence of three

intermediate SORLA expression levels (at 3%, 12% and 30% of

SORLATot, where SORLATot= 5.13 x 105).

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

(Model C).
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The parameter values of the models have

been determined on the basis of dose-

response series for and as a

function of total amount of APP for cells with or

without SORLA by nonlinear optimization.

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 4th

column). In the global-local fit, all parameters

except KM and KM d are estimated globally.

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,

respectively) as compared to Model A (best

residual value 1.12 x 102) or Model B (best

residual value 1.48 x 102).

Comparison of the respective residual values

implies that Model C:global-local provides the

best match to the experimental data.[S
c
h

m
id

t,
2

0
1
1

]
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The binding of the Tet-controlled trans-

act ivator ( tTA) to the tetracycline

response element (TRE) in front of the

modified CMV promoter induces APP

expr ess io n . I n t he p rese nc e o f

doxycyline, the binding capability of tTA

to TRE is reduced and APP expression
is impaired in a dose-dependent manner.

(Figure from Clontech Laboratories,

modified)

We successfully tested three alternative models and hypotheses

through an iterative systems biology workflow of data-driven modeling

and model-driven experiments.

The model simulations suggest a yet unidentified biological processes

whereby SORLA might indirectly affect the -secretase, but not other

secretases.

Furthermore, the simulations shown for Model C (global-local)

supports the idea whereby SORLA prevents oligomerization of APP,

thereby shifting the mode of secretase action from use of the preferred

homodimeric substrate to the less preferred monomer variant.

Consequently, we predicted a switch from cooperative (dimer) to less

efficient non-cooperative (monomer) processing which occurs at low

SORLA concentration (i.e. 12% of SORLATot shown in the simulations of

intermediate levels of SORLA expression).
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Multi-compartmental Modeling of APP Processing  

influenced by SORLA in Alzheimer’s Disease 
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1. Influence of SORLA on APP processing 

Abstract 

Background: The formation of Aβ plaques from the processing of amyloid precursor protein (APP) is central to the pathology of Alzheimer’s disease. Studies concerning APP processing are conventionally conducted in a 

single-compartment, where the reactants involved are either in a monomeric or a dimeric form of APP. In the single-compartment model we presented 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 β-secretase? Results: To 

answer this question, we developed a multi-compartment model 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 concludes that SORLA specifically impairs processing of APP dimer, which is the preferred secretase substrate. Furthermore, our model shows how SORLA alters the dynamical behavior of β-secretase, the enzyme 

responsible for the initial step in the amyloidogenic processing cascade. Conclusions: Our multi-compartment model represents a major conceptual advance over single-compartment models previously used to simulate APP 

processing; and it identified APP dimers and β-secretase as the two distinct targets of the inhibitory action of SORLA in Alzheimer’s disease. Reference: A. Lao, V. Schmidt, Y. Schmitz, T.E. Willnow, and O. Wolkenhauer.  

Multi-compartmental modeling of SORLA’s influence on amyloidogenic processing in Alzheimer’s disease. BMC Syst. Biol., 6(1):74, June 2012. 
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(A) APP traverse from trans-golgi network (TGN) to the cell surface where most APP are 

cleaved by α-secretase producing sAPPα. Non-processed APP traffic from early to late 

endosomes and are processed into sAPPβ and Aβ, respectively. (B) SORLA acts as 

sorting-receptor that traps APP in TGN, guiding the trafficking and processing of APP. 

2. Multi-compartmental model 

4. Model simulations fit experimental data 3. Mathematical equations of the model 

ODEs 

Assumed conservation law 
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Through justifiable assumptions of quasi-steady state and conservation law, simplified 

ODEs describe the formation of end products in the APP under the influence of SORLA. 

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. And for 

every CXY is a complex function of X and Y. Note that f(x,y) denotes function f dependent 

on x and y. 

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 endosomes. Each compartment is subdivided into two subcompartments: monomer and dimer processing. 

7. Conclusions 

Simulation results of our multi-compartmental model (lines) for the various 

APP products are shown together with the data points taken from [Schmidt 

et al., EMBO J. 2012]. In the absence of SORLA, the products produced in 

the dimer processing pathways more closely resemble the total amount of 

sAPPα (A) and sAPPβ (B).  With SORLA, the amounts of sAPPα and 

sAPPβ that are produced in dimer processing are significantly reduced as 

compared to those in monomer processing (C, D). 

(1) We successfully confirmed our hypothesis that blockade of APP dimerization is an 

important aspect of SORLA action on AD. 

(2) Using this model, we are able to uncover that SORLA not only affects amyloidogenic 

processing through interaction with APP but also specifically targets β-secretase - the 

enzyme responsible for initial amyloidogenic cleavage.  

6. SORLA indirectly affects  

the dynamical behavior of the β-secretase 

5. SORLA is more influential  

in dimer processing than in monomer processing 

The intermediate levels of SORLA include 0% (solid line), 3%, 12%, 30%, and 100% 

(dashed line) of SORLATot(where SORLATot = 2.43 x 105 fmol). Only solid line is visible in a 

plot when solid and dashed lines are superimposed. (Fig. above) Simulations of the 

influence of intermediate levels of SORLA on APP processing into the amounts of APP 

concentrations in the TGN (A-B), at the cell surface (C-D), in the endosomes  (E-F), and in 

all the three compartments (G-H). The simulations for total amount of APP concentrations 

in monomer processing for the three different compartments (left column) are not influenced 

by SORLA, while those in dimer processing are affected by the presence of SORLA (right 

column). (Fig. left) Simulations of the influence of intermediate levels of SORLA on APP 

processing on the amount of α-secretase (A-B) and β-secretase (C-D) concentration. The 

term “used” refers to the complex formation of the secretases and APP, while the term 

“free” refers to the secretases that are not bound in a complex. It can be observed that the 

total amount of β-secretase concentration for both free and used deviated (C), which was 

not the case for α-secretase (A). This observation suggested that SORLA is indirectly 

affecting the dynamics of β-secretase but not that of α-secretase. 
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Regulated Trafficking of APP by SORLA in Alzheimer’s Disease 
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1. Influence of SORLA on APP processing 

Abstract 

Background: Proteolytic breakdown of the amyloid precursor protein (APP) by secretases is a complex cellular process that results in formation of neurotoxic Aβ peptides, causative of neurodegeneration in Alzheimer’s 

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 modifiers 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 proteolytic 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 experimental data and literature-based, information we developed a multi-compartment 

model to simulate the complexity of APP processing 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 

compartments. We have successfully confirmed our hypothesis 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 β-secretase - the enzyme responsible for initial amyloidogenic cleavage. Conclusions: Our model represents a major conceptual 

advancement by identifying APP dimers and β-secretase 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 amyloidogenic processing in Alzheimer’s disease. BMC Syst. Biol., 6(1):74, June 2012. 
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(A) APP traverse from trans-golgi network (TGN) to the cell surface where 

most APP are cleaved by α-secretase producing sAPPα. Non-processed APP 

traffic from early to late endosomes and are processed into sAPPβ and Aβ, 

respectively. (B) SORLA acts as sorting-receptor that traps APP in TGN, 

guiding the trafficking and processing of APP. 

2. Multi-compartmental model 

3. Model simulations fit experimental data 

ODEs 

Assumed conservation law 

 

 

 

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 

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 

justifiable assumptions of quasi-steady state and conservation law, simplified ODEs describe the formation of end products in the APP under the influence of SORLA. In the absence of SORLA, 

αmonomer, βmonomer, APPmonomer, αdimer, βdimer, and APPdimer, are denoted as functions of αinit, βinit, APPinit; otherwise as functions of α1, β1, APP1, and α2, β2, APP2, respectively. 

and dashed lines are superimposed. It can be observed that the total amount of β-secretase concentration for both free and used deviated (as shown in K), which was not the case for α-secretase (as 

shown in E). This observation suggested that SORLA is indirectly affecting the dynamics of β-secretase but not that of α-secretase. 

Simulation results of our multi-compartmental model (lines) for the 

various APP products are shown together with the data points taken 

from [Schmidt et al., EMBO J. 2012]. In the absence of SORLA, the 

products produced in the dimer processing pathways more closely 

resemble the total amount of sAPPα (A) and sAPPβ (B).  With 

SORLA, the amounts of sAPPα and sAPPβ that are produced in 

dimer processing are significantly reduced as compared to those in 

monomer processing (C, D). 
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4. Regulated trafficking of secretases by intermediate levels of SORLA 

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

Simulations of the influence of 

intermediate levels of SORLA 

on APP processing on the 

amount of α-secretase (A-F) 

a n d  β - s e c r e t a s e  ( G - L ) 

concentrat ion .  The term 

“used” refers to the complex 

formation of the secretases 

and APP, while the term “free” 

refers to the secretases that 

are not bound in a complex. 

The intermediate levels of 

SORLA include 0% (solid 

line), 3%, 12%, 30%, and 

1 00 % ( d a s h ed  l i n e )  o f 

SORLATot (where SORLATot = 

2.43 x 105 fmol). Only solid line 

is visible in a plot when solid 

S i m u l a t i o n s  o f  t h e 

influence of intermediate 

levels of SORLA on APP 

p rocess ing  i n t o  t he 

a m o u n t s  o f  A P P 

concentrations in the 

TGN (1A-I), at the cell 

surface (2A-I), in the 

endosomes  (3A-I), and in 

a l l  t h e  t h r e e 

compartments (4A-I) . 

That is from 0% (in solid 

line), 3%, 12%, 30%, up 

to 100% (in dashed line) of 

SORLATo t .  The  te rm 

“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 

a m o u n t  o f  A P P 

c o n c e n t r a t i o n s  i n 

monomer processing for 

t h e  t h r e e  d i f f e r e n t 

compartments (columns 

A - B & G )  w e r e  n o t 

influenced by SORLA, 

while those in dimer 

processing were affected 

by  t he  p resence  o f 

SORLA (columns C-D&H)  





THESES

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

by a single-compartment model.

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

tionship.

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

formation of high affinity substrates for secretases.

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

can be demonstrated by the multi-compartmental model.

5. 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 β-secretase, but not that of

α-secretase. This supports the initial biochemical data showing that SORLA

can bind to β-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.

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

parameter estimation.




