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Supplemental Section 1 
 
Secretases operating in the linear regime cannot produce an increase in Aβ production 
in response to a GSI 
 
In this section, we present the steps that were followed to deduce equation 2. In this case all enzymes, 
α-, β- and γ-secretase, operate in the linear regime.  
The expressions for the rate equations, operating in the linear regime, are the following: 
 

11,1 mmr KAPPVv =α  

22,2 mmr KAPPVv =β  

33, 83
3 mmr KCVv =γ  

44, 99
4 mmr KCVv =γ  

55, 99
5 mmr KCVv =α  

constantvr =
0

 
 
We consider that the γ-secretase inhibitor (GSI) follows an uncompetitive behaviour and it is 
introduced in the rates γ,3r

v and γ,4r
v  as:   

( )( )Xmmr KXKCVv +=γ 183 33,3
 

( )( )Xmmr KXKCVv +=γ 199 44,4
 

 
where X  is the inhibitor concentration and XK  is the inhibitor dissociation constant. Introducing 
these expressions into equation 1 (main text) we obtain the the following for the system: 
 

11220 mmmmr KAPPVKAPPVvdtdAPP −−=  

( )( )Xmmmmmm KXKCVKCVKAPPVdtdC +−−= 1999999 445522  (S1.1) 

( )( )Xmmmmmm KXKCVKCVKAPPVdtdC +−+= 1839983 335511  
 
 
The steady-state expressions for the system variables, APP, C99 and C83, are deduced by equating 
the above system to zero. Here, it is shown the expression for C99 concentration: 

( )
( ) ( )( )Xmmmmmmmm

Xmmr

KXKVKVKVKV
KXKVv

C
+++

+
=

1
1

99
55442211

220   (S1.2) 

 
We obtain the production rate of Aβ in the steady-state intoducing the expression S1.2 into γ,4r

v  rate: 

( ) ( )( )Xmmmmmmmm

mmrmm
r KXKVKVKVKV

KVvKV
v

+++
=γ 155442211

2244
,

0

4
 (S1.3) 

 
This equation shows the dependence of the production rate of Aβ with the inhibitor X (see equation 2, 
main text). To deduced the variation of γ,4r

v  with respect to X its derivative is calculated and the 
following expression is obtained:  

( ) ( )( )2
55442211

224455,

1
04

Xmmmmmmmm

mmrmmmmr

KXKVKVKVKV

KVvKVKV
X

v

+++
−=

∂
∂ γ  (S1.4) 
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This expression shows that γ,4r
v  value can only diminish increasing the concentration of the inhibitor 

X. 
 
We analyzed the Aβ rise assuming all secretases following linear kinetics. Here, we show that the 
system, described by Eq. 1, doesn’t display Aβ rebound when all the enzymes follow Michaelis-
Menten kinetics with respect to their substrates but α-secretase shows non-saturation kinetics with 
respect to 99C . 
 
In this case, the mass equations are the following: 
 

( ) ( )APPKAPPVAPPKAPPVvdtdAPP mmmmr +−+−= 11220
  (S1.5a) 

( )
( ) ( )3444

522

8399199
9999

mmXmm

mmm

KCKCrKCV
CVAPPKAPPVdtdC

+++
−−+=

 (S1.5b) 
( )

( ) ( )3433

511

8399183
9983

mmXmm

mmm

KCKCrKCV
CVAPPKAPPVdtdC

+++
−++=

 (S1.5c) 

 

where: Xr  represents  XKX . 
 
From equation S1.5a, it is easily observed that the APP steady state concentration value remains 
constant irrespectively of X concentration value. To simplify, we use the following notation: 

( )APPKAPPVv mmr +=α 220 and ( ) ( )APPKAPPVv mmr +=α− 110
1  where APP  is the 

steady-state concentration value and α varies in [0,1]. 
 
Subtituting these expressions in S1.5, the reduced system of equations is the following: 
 

( ) ( )3444

5

8399199

9999
0

mmXmm

mr

KCKCrKCV

CVvdtdC

+++

−−α=
 (S1.6a) 

( )
( ) ( )3433

5

8399183

99183
0

mmXmm

mr

KCKCrKCV

CVvdtdC

+++

−+α−=
 (S1.6b) 

 
Considering steady-state conditions for equations S1.6, we deduced that Aβ rise conditions should be 
at the expense of a decrease in the C99 concentration (assuming that α and 

0r
v  remain constant). So, a 

necessary condition for Aβ rise is that 0<∂β∂ XrA .  
 
The solution of the system S1.6 in the steady-state has two potential solutions, ( )11 83,99 CC and 
( )22 83,99 CC . 

( ) 543

153453443443
1 2

99 000

mmm

mmXmmmmmmmrmrmr

VVV
FVVrKVVKVVVvVvVv

C
−

++++α+−α
−=  

( ) 543

153453443443
2 2

99 000

mmm
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VVV
FVVrKVVKVVVvVvVv

C
−

++++α+−α
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( ) 214131 0

183 AFVFvAKC mrm +−−=  

( ) 214132 0
183 AFVFvAKC mrm −+−=  
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where  
( ) ( ) ( ) ( )

( ) ( ) 5434544

534
2
43

2
4434

22
1

112

1111

0

00000

mmmxmmmrxm

mmrxmmmmrmmrmrr

VVVrKVVvrK

VVvrKVVVvVVvVvvA

+++

−+++α−−α+−α−+α=
 

( )( ) 543342 0
2 mmmmrm VVVVvKA −−=  

( ) ( ) ( )( ) ( )( )( )2
544343543341 1114

00 mXmmmmmrmmmmrXm VrKVVVVvVVVVvrKF +++α+−+α−+−+α=  
 
Assuming 43 mm VV > , ( )22 83,99 CC  is the only potential solution. The Aβ condition is the 
following: 
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S1.7 
 
 It can be show that this expression is always positive since 30 mr Vv <  and 43 mm VV > . 
 
For the case that 43 mm VV < , we have ( )11 83,99 CC  as a potential solution. The Aβ condition is the 
following: 

( )( ) ( )( ) ( )( )43
1

544343
34

2 2
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mm

mXmmmmmr
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∂
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It can be showned that the expression is always positive. 
In conclusion, the system with the kinetic properties that we have assumed in this section does not 
display Aβ rebound. 
 
 
Supplemental Section 2 
 
Conditions to display an increase in Aβ production 
 
In this section, we derive an analytical expression that it is used in Figure 2. Now, it is assumed that 
only α-secretase can only be saturated by the intermediate C99. The expression for the rate equations 
for the steps catalyzed by alpha-secretase are the following: 
 

5

11
,1 991 m

mm

KC
KAPPVv

+
=α  

5

55
,5 991

99

m

mm

KC
KCV

v
+

=α  

As it was assumed in section 1, we consider that the GSI follows an uncompetitive behaviour and it is 
introduced in the rates γ,3r

v  and γ,4r
v . 

The system is defined by the following equations: 
 

( )51122 991
0 mmmmmr KCKAPPVKAPPVvdtdAPP +−−=   (S2.1) 

( ) ( )( )Xmmmmmmm KXKCVKCKCVKAPPVdtdC +−+−= 1999919999 4455522  
( ) ( )( )Xmmmmmmm KXKCVKCKCVKAPPVdtdC +−++= 1839919983 3355511  
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The intermediate steady-state concentrations values are deduced by solving the system defined by 
equation S2.1 equal to zero. However, in these conditions it is not possible to get analytical expression 
for the intermediate concentrations in the steady-state. To simplify the problem, we define that 

kKVKVKVKVKV mmmmmmmmmm ≡==== 6644332211  and khKV mm *55 ≡  where h is a 
positive real number. In addition, we change notation by defining the new parameter 

( )
0022 rrmmv vkvKVr =≡ . Introducing the simplification and notation changes above described 

into S2.1 and equating to zero, we obtained the following polynomial equation of order 3 in C99: 
 

( ) ( )( )
( ) ( )( ) 01221299

1399199

5
2

55

5
22

5
3

=++−+−

+−++−−+++−

XvmmXm

XXvmXvm

rrKKrKhC
rhrrKhCrrKC

  S2.2 

 
By solving S2.2 we obtained an analytical expression for the concentration of C99 in the steady-state: 
 

( ) ( ) ( )( ) ( ) ( ) ( )( ) ( )( )ZZrhrKrrrhKC vxmXvXm
32222

5
3

5 23113321133199 +−++++−++−=  
S2.3 
where 
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To deduce the variation of γ,4r

v  with respect to X we substitute the expression S2.3 into the rate γ,4r
v

and its derivative is calculated and the following expression is obtained:  
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where:  
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and 
( ) ( )( )
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5
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5

2
5
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5
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5
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5
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5
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5
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Finally, equation S2.4 is shown in Fig. 2 (main text) for different values of 5mK , vr  and h . 
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Supplementary Section 3 
 
Parameter estimates for in vitro model 
 
 

 
 
Supplemental Figure S1: Residual plot for the model of Aβ response across a range of inhibitor 
concentrations in HEK APPwt and HEK APPswe cell lines shown in Fig. 3. The symbols follow 
the nomenclature described in Fig. 3. 
 
 
Supplemental Table S1a: α-, β- and γ-secretase parameter values used to fit HEKwt and 
HEKsw data as shown in Fig. 3.  
 

 Km Vm 
α,1r

v  0.186  [0.88, 1.19] 1.10  [0.97, 1.02] 

β,2r
v  (wt) 1.64  [0.84, 1.13] 0.153  [0.85, 1.16] 

β,2r
v  (sw) 0.266  [ind, 3.75] 6.95  [0.367, ind] 

γ,3r
v  28.8  [ind, ind] 14.6  [ind, ind] 

γ,4r
v  0.915  [0.69, 1.55] 1.71  [0.88, 1.04] 

α,5r
v  0.0672  [0.62, 1.50] 0.0223  [ind, ind] 

 
 
The Km values are given in arbitrary concentration units and Vm in arbitrary concentration 
units/seconds.  
 
 
Supplemental Table S1b: Inhibitor parameter values used to fit HEKwt and HEKsw data as 
shown in Fig. 3. 
 
 
 Kic (nM) Kiu1 (nM) Kiu2 (nM) 

DAPT 0.173  [0.57, 1.9] 145  [ind, ind] 7.31  [0.84, 1.1] 

DPH-111122 0.163  [0.42, 2.0] 94.3  [ind, ind] 2.54  [0.92, 1.2] 
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The inhibition constants are given in nM. 
 
The number within the brackets are the factors by which the parameter value has to be multiplied to 
define the confidence interval for each individual parameter. The confidence region is defined as: 

( )
⎭
⎬
⎫

⎩
⎨
⎧ Δ<⎟

⎠
⎞

⎜
⎝
⎛θχ−θχθ α

^
22|  

where 
2χ  is the objective function defined in method section (main text) and θ  represent a 

parameter. The threshold αΔ  is the 1 – α quantile of the 
2
dfχ  distribution. 1=df  gives confidence 

intervals that hold individually for each parameter (1). Ind means that it was not possible to obtain 
confidence interval in the region [0.05, 20] of the value estimated during the fitting procedure. 
 
Model validation 
 
In the next paragraph we describe the minor change introduced to the model to simulate the increase 
in C99 basal level depicted in Fig. 4A. We do this by introducing a constant term for the production of 

C99, 99k , in the ordinary differential equation describing the the variation of this intermediate. The 
system is the following: 
 
 

βα −−= ,, 210 rrr vvvdtdAPP  

99,,, 452
99 kvvvdtdC rrr +−−= γαβ  

γαα −+= ,,, 351
83 rrr vvvdtdC  

γ=β ,4r
vdtdA  

γ= ,3
3 rvdtdp  

 
 
Supplemental Section 4  
Prediction of human Aβ profile based on in vitro assay data 
 
Adjusting the parameter values of the computational model proposed in the main text (Vmi, Kmi and 
Ki), we fit the model to the experimental in vitro profile of secreted Aβ in SH-SY5Y APPwt cells 
exposed to different Semagacestat concentrations (Jämsä, et al, 2011). The parameters values 
calculated are listed in Supplemental Table S2a and b. Supplemental Fig. S2 shows the experimental 
data used and the Aβ profile derived from the mathematical model. These parameters were used to 
adjust the plasma Aβ profile in humans.  
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Supplemental Figure S2: Quantitative modelling of the Aβ secretion response to semagacestat in 
SH-SY5Y APPwt cells. Experimental data are displayed as square (close symbols). The model 
simulation fits are shown as lines. The Aβ levels are represented as percentage change respect to Aβ 
level at the reference steady-state, i.e. Aβ(x=0). The experimental data used was extracted from the 
literature (2). 
 
 
Supplemental Table S2a and b: Kinetic parameter values derived from fitting the 
computational model to the Aβ secretion profile to semagacestat in SH-SY5Y APPwt cells.  
 
 

 Km Vm 
α,1r

v  0.007834 1.003 

β,2r
v  4.283 0.03 

γ,3r
v  1.999 1.523 

γ,4r
v  3.68 4.947 

α,5r
v  0.002928 0.7025 

 
 
 Kic (nM) Kiu1 (nM) Kiu2 (nM) 

LY450139 0.1152 Large Large 
 
 
We use a two compartment model to describe the temporal profile of Semagacestat at three dosis: 
40,100 and 140 mg (see method sections for details). The parameters that best fit these drug 
concentration profiles are shown in Supplemental Table S3.  
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Supplemental Table S3: Parameters used in the PK model for Semagacestat. 
 
 

 unit Value 
kA l  min-1 0.0006193 
kCl min-1 0.0000783 
V l 58.14 

 
 
The two additional parameter values corresponding to the extended model, efff  and degk , are given in 
the main text. These parameters were calculated by fitting the plasma Aβ profile. 
 
 
 

 
Supplemental Figure S3: Residual plot for the model of Aβ response for three semagacestat 
concentrations over 24 hours shown in Fig. 5. The symbols are described in Fig. 5.  
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Supplemental Section 5  
Flux sensitivity analysis in the reference state (GSI = 0) 
 
Flux control coefficients (FCCs) were calculated for the HEK APPwt model. The values are shown in 
Supplemental Fig. S4. It is observed that an increase in the activity of the step 3 will not increase 
significantly the production rate of its product (i.e. p3 or AICD) where 001.03

,3
=J

vC
γ

. 

 

 
Supplemental Figure S4: Flux control coefficients in the reference state. The total number of 

FCCs is 36. The FCCs,  ( ) ( )vdJdC J
v lnln= , describe the effect that the change in the rate (vi) of 

the process has on the steady-state flux (J), being independent of  the particular effector that is canged 
(see 3 and reference therein). These values were calculated using the kinetic parameters in 
Supplemental Table S1. 
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