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Supplementary Materials

Model Identifies Genetic Predisposition of Alzheimer’s 
Disease as Key Decider in Cell Susceptibility to Stress

 

1. Primer Sequences

Table S1. Sequences of primers used for quantitative real-time PCR (qRT-PCR) 
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2. Computational Model

Model development has followed a bottom-up approach. We have formulated a kinetic model that 
describes known features of the IRE1α, PERK and ATF6 pathways. The complete map of reactions and 
signals considered in the model is shown in Figure S1. 

Figure S1: The mammalian UPR network 

Activation and deactivation of the ER receptors and thus of UPR is modulated by BiP. More specifically, 

its dissociation from the receptors induces their activation while its binding induces the deactivation 

of the stress response. Activation of the IRE1 pathway was studied by probing the XBP1 components, 

activation of the PERK pathway by probing the phosphorylated eIF2α and the downstream ATF4 and 

CHOP genes while activation of the ATF6 pathway by probing XBP1u.  

2.1 Nomenclature 

ATF4 ATF4 protein (molecules) 

ATF4m ATF4 mRNA (molecules) 

ATF6A  ATF6 protein (molecules) 

Bm  BiP mRNA (molecules) 

CAB Binding rate of BiP to ATF6 receptor (molecule-1 s-1) 

CIB Binding rate of BiP to IRE1α receptor (molecule-1 s-1) 

CPB Binding rate of BiP to PERK receptor (molecule-1 s-1) 

CRB Binding rate of BiP to ATF6 or/and IRE1α or/and PERK (molecule-1 s-1)

CUB Binding rate of BiP to unfolded proteins (molecule-1 s-1) 

CHOP CHOP protein (molecule) 

CHOPm  CHOP mRNA (molecule) 

eIF2a  eIF2a protein (molecule) 
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IRE IRE1 protein (molecule) 

IREA Activated IRE1 protein (molecule) 

IRE|B IRE1-BiP complex (molecule) 

KU Unfolded protein load (molecule s-2) 

n Constant for decay rate of activated IRE1 (dimensionless) 

𝑁𝐴𝑇𝐹4𝑚
Constant for transcription rate of ATF4 mRNA under UPR (dimensionless) 

NBm     Constant for transcription rate of BiP mRNA under UPR (dimensionless) 

𝑁𝐶𝐻𝑂𝑃𝑚
Constant for transcription rate of CHOP mRNA under UPR (dimensionless)      

𝑁𝐴𝑇𝐹𝐹𝛼     Constant for magnitude of stress response following ATF6 activation (dimensionless)  

peIF2a   Phosphorylated eIF2a protein (molecule) 

PERKA PERK protein (molecule) 

PERK|B PERK-BiP complex (molecule) 

SU Rate of unfolded protein translation (molecule s-1) 

t Time (s) 

U  Unfolded protein (molecule) 

U|B Folding complex (molecule) 

𝑋𝑇𝑜𝑡𝑎𝑙   Total XBP1 mRNA (molecule) 

Xsm  Spliced XPB1 mRNA (molecule) 

Xum  Unspliced XPB1 mRNA (molecule) 

Greek symbols 

α0 Constant for transcription rate of BiP, ATF4 and CHOP mRNA (dimensionless) 

α1 Constant for transcription rate of BiP, ATF4 and CHOP mRNA (dimensionless) 

𝛽𝐴𝑇𝐹4  Translation rate of ATF4 mRNA (s-1) 

𝛽𝐴𝑇𝐹4𝑚
Transcription rate of ATF4 (molecule s-1) 

𝛽𝐴𝑇𝐹6          Formation rate of ATF6 (molecule s-1) 

βB  Translation rate of BiP mRNA (s-1) 

βBm Basal transcription rate BiP mRNA (molecule s-1) 

𝛽𝐶𝐻𝑂𝑃  Translation rate of CHOP protein (s-1) 

𝛽𝐶𝐻𝑂𝑃𝑚  Basal transcription rate of CHOP mRNA (molecule s-1) 

𝛽𝑒𝐼𝐹2𝛼  Phosphorylation rate of eIF2α (s-1) 

𝛽𝑋𝑚
𝑠  Splicing rate of XPB1 mRNA (s-1) 

𝛽𝑋𝑚
𝑢   Basal transcription rate of unspliced XBP1 mRNA (molecule s-1) 

𝛾𝐴𝑇𝐹4  Decay rate of ATF4 protein (s-1) 

𝛾𝐴𝑇𝐹4𝑚
Decay rate of ATF4 mRNA (s-1) 

γB  Decay rate of BiP protein (s-1) 

γBm  Decay rate of BiP mRNA (s-1) 

𝛾𝐶𝐻𝑂𝑃  Decay rate of CHOP protein (s-1) 

𝛾𝐶𝐻𝑂𝑃𝑚
Decay rate of CHOP mRNA (s-1) 

𝛾𝑒𝐼𝐹2𝛼  eIF2α dephosphorylation rate (s-1) 

γfold Protein folding rate (s-1) 

𝛾𝐴𝐵  Dissociation rate of BiP from ATF6 (s-1) 

γIB  Dissociation rate of BiP from IRE1 (s-1) 

γPB  Dissociation rate of BiP from PERK (s-1) 
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γRB Dissociation rate of BiP from ATF6 or/and IRE1α or/and PERK (s-1) 

γs Decay rate of spliced XBP1 mRNA (s-1) 

γu Decay rate of unspliced XBP1 mRNA (s-1) 

γUB  Dissociation rate of BiP from unfolded protein (s-1) 

𝛾𝑋𝑚
𝑠 Modified decay rate of spliced XBP1 mRNA (s-1) 

2.2 Model Development 

The development of the computational model is based on the following assumptions: 

1. Activation of IRE, PERK and ATF6 occurs from the dissociation of BiP from these receptors.

2. The binding and dissociation constants between BiP and the three receptors take the same

values for all pathways. The values are based on the model for the IRE1 pathway in yeast by

Pincus et al. 1.

3. The number of IRE1 molecules in the ER was chosen to be the same as in the yeast system 1.

The number of PERK and ATF6 molecules in the ER was chosen to be the same as the number

of IRE1 molecules. All three receptors were assumed to be bound to BiP initially.

4. The translation rate of BiP mRNA, βB ,is the same as in yeast which is 0.25 s-12.

5. Decay rate of BiP protein, γB  , is 1.39x10-4 s-1 3.

6. The initial values for ATF4, CHOP, eIF2a, U, U|B were chosen arbitrarily such that the initial

state of the single-cell model reflects non-stressed conditions.

2.2.1 Protein Folding Dnamics 

With regards to protein folding dynamics, several key features must be taken into account in order to 

capture translation attenuation: 

 All cell lines exhibited a delay in the onset of ER stress following Tm addition.

 Proteins upregulated due to UPR activation, i.e. chaperones, ATF4 and CHOP, are not affected by
translational attenuation4.

 Translational attenuation is dependent on phosphorylation of eIF2α5.

We have created a progressive onset of stress, which mimics the accumulation of unfolded proteins 
in the ER. Therefore, the rate of unfolded proteins synthesised in the ER, Su, is given by the following 
equation: 

𝑑[𝑆𝑢]

𝑑𝑡
= 𝐾𝑢𝑡 (1) 

Where Ku represents the cumulative load of unfolded proteins and t is time. We have followed the 
approach proposed by Trusina et al. in their model of translation attenuation6. To model translation 
attenuation, Su is scaled according to the extent of eIF2α phosphorylation: 

𝑑[𝑈]

𝑑𝑡
=

[𝑒𝐼𝐹2𝛼]

[𝑒𝐼𝐹2𝛼](0)
𝑆𝑈 − 𝐶𝑈𝐵[𝑈][𝐵] + 𝛾𝑈𝐵[𝑈|𝐵] + 𝛾𝐵[𝑈|𝐵] (2)
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Where [U] represents the concentration of unfolded proteins, [eIF2α] stands for eIF2a concentration, 
CUB is the binding rate constant of unfolded protein binding to BiP, [B] is the concentration of BiP, 𝛾𝑈𝐵 
is dissociation rate of BiP from unfolded protein, 𝛾𝐵 is the decay rate of BiP protein, and [𝑈|𝐵] is the 
concentration of unfolded proteins bound to BiP. Similarly, the material balance for the unfolded 
protein-BiP complex is: 

𝑑[𝑈|𝐵]

𝑑𝑡
= 𝐶𝑈𝐵[𝑈][𝐵] − 𝛾𝑈𝐵[𝑈|𝐵] − 𝛾𝐵[𝑈|𝐵] − 𝛾𝑓𝑜𝑙𝑑[𝑈|𝐵] (3) 

Where 𝛾𝑓𝑜𝑙𝑑  is the rate of protein folding. 

The rate of change of BiP mRNA is given by: 

𝑑[𝐵𝑚]

𝑑𝑡
= 𝛽𝐵𝑚 + 𝑁𝐵𝑚𝑓(𝑋𝑚

𝑠 ) − 𝛾𝐵𝑚[𝐵𝑚] (4) 

With the transcription Hill function for the UPRE promoter: 

𝑓(𝑋𝑚
𝑠 ) =

[𝑋𝑚
𝑠 ]2

𝛼0 + 𝛼1[𝑋𝑚
𝑠 ] + [𝑋𝑚

𝑠 ]2
(5) 

Where [Bm] is the concentration of BiP mRNA, 𝛽𝐵𝑚 is its basal transcription rate, 𝑁𝐵𝑚 is a constant for 
the upregulation of BiP transcription under the UPR, and 𝛾𝐵𝑚 is the decay rate of BiP mRNA. [𝑋𝑚

𝑠 ] is 
the concentration of spliced XBP1 mRNA and α0, α1 are constants. Similarly, the material balance for 
BiP is: 

𝑑[𝐵]

𝑑𝑡
= 𝛽𝐵[𝐵𝑚] − 𝛾𝐵[𝐵] − 𝐶𝑅𝐵[𝑈][𝐵] + 𝛾𝑅𝐵[𝑈|𝐵] + 𝛾𝑓𝑜𝑙𝑑[𝑈|𝐵] (6) 

Where [B] is the concentration of BiP, 𝛽𝐵 is the translation rate of BiP mRNA, CRB is the rate of BiP 
binding to the free receptor, and 𝛾𝑅𝐵 is the rate of dissociation of BiP from the inactive receptor. 

2.2.2 IRE1α Pathway 
The description of the IRE1 pathway follows the model proposed by Pincus et al.2 for UPR activation 
in yeast. This consists of a single-stranded response mediated by IRE1α. It has been proposed that in 
the mammalian UPR system IRE1 may be activated by dissociation from BiP or by subsequent 
interaction of its peptide-binding domain on its luminal ER side with unfolded proteins7,8. These 
scenarios represent the single and double activation mechanism, respectively. Simulation results (data 
not shown) show little difference between the two activation mechanisms in terms of the overall 
progression of the stress pathway. For this reason, and to limit over-parameterisation, the single 
activation mechanism was employed. 

Under non-stressed conditions, IRE1 is present in a complex with BiP (𝐼𝑅𝐸|𝐵) the material balance for 
which is: 

𝑑[𝐼𝑅𝐸|𝐵]

𝑑𝑡
= 𝐶𝐼𝐵[𝐵][𝐼𝑅𝐸𝐴] − 𝛾𝐼𝐵[𝐼𝑅𝐸|𝐵] (7) 

Where [IREA] is the concentration of activated IRE1, CIB  is the binding rate of BiP to activated IRE1, 
and γIB is the dissociation rate of BiP from IRE1. Activated IRE1 is described by: 
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𝑑[𝐼𝑅𝐸𝐴]

𝑑𝑡
= −𝐶𝐼𝐵[𝐵][𝐼𝑅𝐸𝐴] + 𝛾𝐼𝐵[𝐼𝑅𝐸|𝐵] (8) 

The material balance for the unspliced XBP1 mRNA (𝑋𝑚
𝑢 ) is described as a Hill function: 

𝑑[𝑋𝑚
𝑢 ]

𝑑𝑡
= 𝛽𝑋𝑚

𝑢 + 𝑁𝐴𝑇𝐹6𝛼𝑓(𝐴𝑇𝐹6𝛼) (9) 

Where 𝛽𝑋𝑚
𝑢  the basal transcription rate of unspliced XBP1 mRNA, 𝑁𝐴𝑇𝐹6𝛼  is the constant 

representing the magnitude of stress response following ATF6 activation, and 𝑓(𝐴𝑇𝐹6𝛼) is the 

following activation Hill function: 

𝑓(𝐴𝑇𝐹6𝐴) =
[𝐴𝑇𝐹6𝐴]2

𝛼0 + 𝛼1[𝐴𝑇𝐹6𝐴] + [𝐴𝑇𝐹6𝐴]2
(10) 

Where [𝐴𝑇𝐹6𝐴] is the concentration of activated ATF6 and α0, α1 are constants. 

The material balance for XPB1 spliced mRNA is: 

𝑑[𝑋𝑚
𝑠 ]

𝑑𝑡
= −𝛾𝑋𝑚

𝑠 [𝑋𝑚
𝑠 ] + 𝛽𝑋𝑚

𝑠 𝑚𝑖𝑛([𝐼𝑅𝐸𝐴], [𝑋𝑚
𝑢 ]) (11) 

Spliced XBP1 mRNA stability is dependent on the level of phosphorylation of eIF2α. To capture this 
feature, we introduced a modified decay rate of spliced XBP1 mRNA that is linearly dependent on the 
concentration of phosphorylated eIF2α. Our approach was that at 0% of phosphorylation, the decay 
rate for the mRNA would be the same as the one of the unspliced form taken from Majumder et al 9 . 
In contrast, at full phosphorylation, the decay rate would be the one of the spliced form as given in 
the same study. The decay rate of sXBP1 would therefore become: 

𝛾𝑋𝑚
𝑠 = 𝛾𝑢 + (𝛾𝑠 − 𝛾𝑢)

[𝑝𝑒𝐼𝐹2𝛼]

[𝑒𝐼𝐹2𝛼](0)
(12) 

Where {
𝛾𝑢 = 5.7 × 10−4𝑠−1

𝛾𝑠 = 8.7 × 10−5𝑠−1

This new feature also allowed us to create a link (other than BiP and unfolded proteins) between the 
two pathways; such links are known to be multiple10. Finally adding the downstream pathway of 
PERK with mRNAs and protein such as ATF4 and PERK also helps us create a negative regulation loop 
in the PERK pathway, through the CHOP-mediated dephosphorylation of phosphorylated eIF211. 

2.2.3 PERK Pathway 
Under non-stressed conditions, PERK is bound to BiP. In the presence of increased levels of unfolded 

protein in the ER, BiP dissociates from this complex and PERK becomes activated. The material 

balances for the complex ([𝑃𝐸𝑅𝐾|𝐵]) and the activated PERK ([𝑃𝐸𝑅𝐾𝐴]) are : 

𝑑[𝑃𝐸𝑅𝐾|𝐵]

𝑑𝑡
= 𝐶𝑃𝐵[𝐵][𝑃𝐸𝑅𝐾𝐴] − 𝛾𝑃𝐵[𝑃𝐸𝑅𝐾|𝐵] (13)
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𝑑[𝑃𝐸𝑅𝐾𝐴]

𝑑𝑡
= −𝐶𝑃𝐵[𝐵][𝑃𝐸𝑅𝐾𝐴] + 𝛾𝑃𝐵[𝑃𝐸𝑅𝐾|𝐵] (14) 

Where CPB is the binding rate of BiP to activated PERK and 𝛾𝑃𝐵 is its dissociation rate from the complex. 

Following on from PERK activation, eIF2α is phosphorylated. The material balances for the 
phosphorylated ([𝑝𝑒𝐼𝐹2𝛼]) and non-phosphorylated ([𝑒𝐼𝐹2𝛼]) species are as follows: 

𝑑[𝑝𝑒𝐼𝐹2𝛼]

𝑑𝑡
= 𝛽𝑒𝐼𝐹2𝛼𝑚𝑖𝑛([𝑃𝐸𝑅𝐾𝐴], [𝑒𝐼𝐹2𝛼]) −

[𝐶𝐻𝑂𝑃]

[𝐶𝐻𝑂𝑃]𝑚𝑎𝑥
𝛾𝑒𝐼𝐹2𝛼[𝑝𝑒𝐼𝐹2𝛼] (15) 

 𝑑[𝑒𝐼𝐹2𝛼]

𝑑𝑡
= −𝛽𝑒𝐼𝐹2𝛼𝑚𝑖𝑛([𝑃𝐸𝑅𝐾𝐴], [𝑒𝐼𝐹2𝛼]) +

[𝐶𝐻𝑂𝑃]

[𝐶𝐻𝑂𝑃]𝑚𝑎𝑥
𝛾𝑒𝐼𝐹2𝛼[𝑝𝑒𝐼𝐹2𝛼] (16) 

Where 𝛽𝑒𝐼𝐹2𝛼 is the rate of phosphorylation and 𝛾𝑒𝐼𝐹2𝛼 the rate of dephosphorylation. 

Dephosphorylation of peIF2a is mediated by GADD34 11 which is directly activated by CHOP 12. We 
have therefore used the ratio of [CHOP]/[CHOP]max as a modulator of the dephosphorylation rate. 

As part of the UPR, ATF4 is transcribed and translated. The former event is subject to regulation by 
the level of phosphorylated eIF2α, which is described as a Hill function in the material balance below: 

𝑑[𝐴𝑇𝐹4𝑚]

𝑑𝑡
= 𝛽𝐴𝑇𝐹4𝑚

+ 𝑁𝐴𝑇𝐹4𝑚
𝑓(𝑝𝑒𝐼𝐹2𝛼) − 𝛾𝐴𝑇𝐹4𝑚

[𝐴𝑇𝐹4𝑚] (17) 

With 𝑓(𝑝𝑒𝐼𝐹2𝛼) =
[𝑝𝑒𝐼𝐹2𝛼]2

𝛼0+𝛼1[𝑝𝑒𝐼𝐹2𝛼]+[𝑝𝑒𝐼𝐹2𝛼]2

Where 𝛽𝐴𝑇𝐹4𝑚
 is the basal transcription rate of ATF4, 𝑁𝐴𝑇𝐹4𝑚

is a constant for the upregulation of

ATF4 transcription under the UPR, and 𝛾𝐴𝑇𝐹4𝑚
 is the decay rate of ATF4 mRNA.

The material balance for ATF4 protein is: 

𝑑[𝐴𝑇𝐹4]

𝑑𝑡
= 𝛽𝐴𝑇𝐹4[𝐴𝑇𝐹4𝑚] − 𝛾𝐴𝑇𝐹4[𝐴𝑇𝐹4] (18) 

Where 𝛽𝐴𝑇𝐹4  is the translation rate of ATF4 mRNA and 𝛾𝐴𝑇𝐹4 is the decay rate of ATF4 protein.  

The next effect of the PERK pathway is the expression of CHOP. CHOP mRNA ([𝐶𝐻𝑂𝑃𝑚]) is given by: 

𝑑[𝐶𝐻𝑂𝑃𝑚]

𝑑𝑡
= 𝛽𝐶𝐻𝑂𝑃𝑚 + 𝑁𝐶𝐻𝑂𝑃𝑚

𝑓(𝐴𝑇𝐹4) − 𝛾𝐶𝐻𝑂𝑃𝑚
[𝐶𝐻𝑂𝑃𝑚] (19) 

where 

𝑓(𝐴𝑇𝐹4) =
[𝐴𝑇𝐹4]2

𝛼0 + 𝛼1[𝐴𝑇𝐹4] + [𝐴𝑇𝐹4]2
(20) 

𝛽𝐶𝐻𝑂𝑃𝑚 and 𝛾𝐶𝐻𝑂𝑃𝑚
 are the transcription and decay rates of CHOP mRNA, respectively. 𝑁𝐶𝐻𝑂𝑃𝑚

 is a

constant for the upregulation of CHOP transcription under the UPR.  

Finally, the levels of CHOP are: 
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𝑑[𝐶𝐻𝑂𝑃]

𝑑𝑡
= 𝛽𝐶𝐻𝑂𝑃[𝐶𝐻𝑂𝑃𝑚] − 𝛾𝐶𝐻𝑂𝑃[𝐶𝐻𝑂𝑃] (21) 

Where 𝛽𝐶𝐻𝑂𝑃 is the translation rate of CHOP mRNA and 𝛾𝐶𝐻𝑂𝑃 is the decay rate of CHOP protein. 

2.2.4 ATF6 Pathway 
Under homeostatic conditions, ATF6 is bound to BiP. In the presence of increased levels of unfolded 

protein in the ER, BiP dissociates from this complex and ATF6 translocates to the Golgi where it gets 

cleaved by caspases. This results in the release of its activated truncated form. The material balances 

for the complex ([𝐴𝑇𝐹6|𝐵]) and the activated ATF6 ([𝐴𝑇𝐹6𝐴]) are : 

𝑑[𝐴𝑇𝐹6|𝐵]

𝑑𝑡
= 𝐶𝐴𝐵[𝐵][𝐴𝑇𝐹6𝐴] − 𝛾𝐴𝐵[𝐴𝑇𝐹6|𝐵] (22) 

𝑑[𝐴𝑇𝐹6𝐴]

𝑑𝑡
= −𝐶𝐴𝐵[𝐵][𝐴𝑇𝐹6𝐴] + 𝛾𝐴𝐵[𝐴𝑇𝐹6|𝐵] (23) 

Where 𝐶𝐴𝐵 is the binding rate of BiP to activated ATF6 and 𝛾𝐴𝐵 is the dissociation constant of BiP 

from ATF6. 

2.3 Model Calibration 

In order to enable model simulation, most parameter values were determined based on literature 

values and were maintained constant for all three cell lines studies experimentally. Their values are 

shown in Table S2. Certain parameters were calibrated using the experimental data presented in the 

manuscript using the maximum likelihood formulation of the parameter estimation entity in gPROMS 

(PSE Ltd., U.K.). The results of the parameter estimation for each of the three cell lines are shown in 

Table S3.  Finally, Table S4 lists the initial conditions used for model simulation. 

Table S2. Parameter values obtained from literature sources 

Model parameters Value Units Reference 

CAB 2.86 mol-1 s-1 

1

CPB 2.86 mol-1 s-1 

CIB 2.86 mol-1 s-1 

CRB 2.86 mol-1 s-1 

CUB 2.86 mol-1 s-1 

n 4.5 AU 

SU 0 mol s-1 

𝛽𝐴𝑇𝐹4 0.25 s-1

βB 0.25 s-1

 𝛽𝐶𝐻𝑂𝑃 0.25 s-1

𝛽𝑒𝐼𝐹2𝛼 0.16 s-1

𝛾𝐴𝑇𝐹4 7.7x10-3 s-1 Value re-used 
from fitted 𝛾𝐶𝐻𝑂𝑃 

γB 1.39x10-4 s-1
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 𝛾𝑒𝐼𝐹2𝛼 8.33x10-4 s-1

1

   γAB 196 s-1

γIB 196 s-1

γPB 196 s-1

γRB 196 s-1

γUB 196 s-1

Parameters pertaining to the kinetic rates of UPR progression were estimated from the experimental 

data of the APPS cells and are shown in Table S3. These were fixed for the other two cell lines, with 

the exception of six parameters that were estimated separately from the data set for each cell line. 

Parameter estimation was carried out in the gPROMS modelling environment (Process Systems 

Enterprise Ltd., London, U.K.) using the maximum likelihood formulation. 

Table S3. Estimated parameter values 

Model Parameters WT S S-I Units 

α0 181935  AU 

α1 23.73  AU 

𝛽𝐴𝑇𝐹4𝑚
0.24 mol s-1 

βBm 0.5x10-1  mol s-1 

𝛽𝐶𝐻𝑂𝑃𝑚   41.43 mol s-1 

𝛽𝑋𝑚
𝑠 1.42x10-4 s-1

𝛽𝑋𝑚
𝑢 0.9x10-2   mol s-1 

𝛾𝐴𝑇𝐹4𝑚
4.67x10-7 s-1

γBm 1.03x10-4 s-1

𝛾𝐶𝐻𝑂𝑃 7.70x10-3 s-1

𝛾𝐶𝐻𝑂𝑃𝑚
7.73x10-6 s-1

γfold 2.58x10-4 6.12x10-4 2.39x10-4 mol s-1 

γs 3.69x10-8 s-1

γu 6.37x10-4 s-1

𝛾𝑋𝑚
𝑠 3.69x10-8 s-1

𝐾𝑢 35.10x103 134.28x103 50.04x103 mol s-2 

𝑁𝐴𝑇𝐹4𝑚
4.89 18 4.85 AU 

 𝑁𝐵𝑚 4 1.84 1.48 AU 

𝑁𝐶𝐻𝑂𝑃𝑚
71.88 378.3 138.76 AU 

𝑁𝐴𝑇𝐹6𝑎 0.01 0.76 0.57 AU 
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Table S4. Initial conditions used for model simulation 

Variable Initial condition 

ATF4 0 

ATF4m 3160.39 

ATF6A 0 

B 430000 

Bm 200 

CHOP 0 

CHOPm  109562.41 

eIF2a 200 

IREA 0 

IRE|B 256 

peIF2a 0 

PERKA 0 

PERK|B 256 

U 0 

U|B 0 

𝑋𝑇𝑜𝑡𝑎𝑙 151.88 

Xsm 27.54 

2.4 Model Simulation Results 

The model was simulated with the initial conditions and parameter values presented above and the 

results were compared to the experimental data, as shown in Figure S2. The agreement for the UPR 

target genes BiP (a-c), XBP1s (d-f) and ATF4 (g-i) for the APPWT (a, d, g), APPS (b, e, h) and APPS-I (c, f, 

i) cell lines is satisfactory. The fitting results obtained show that the model is able to reproduce the

desired shape of the UPR response for each of the three cell lines studied.
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Figure S2. Comparison of model simulation results with experimental data for BiP and XBP1s 

mRNA 

The dots correspond to the experimental data while the solid lines show the model simulation 

results. 
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Figure S3. Sensitivity analysis of the ATF6 pathway 

The plot illustrates the effect of the magnitude of stress response following ATF6 activation 

( 𝑁𝐴𝑇𝐹4𝐴 ) on the relative amount of XBP1 total mRNA levels. During stress, a higher  𝑁𝐴𝑇𝐹4𝐴
 causes 

an increased expression of the XBP1 total transcript level.  

Figure S4. Sensitivity analysis of the effect of XBP1 protein complex formation rate on the 

XBP1s protein levels in APPS cells during TM treatment      

Spliced XBP1 protein levels are upregulated during ER stress (12,000-18,000 sec) APPS. The pXBP1s 

levels are directly affected by the XBP1 protein complex formation (𝛽𝑋𝑐 ). 
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