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Supplemental Section 1

Secretases operating in the linear regime cannot produce an increase in Ap 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,
a-, B- and y-secretase, operate in the linear regime.
The expressions for the rate equations, operating in the linear regime, are the following:

Vo =V APP/K ,,

Vs =V APP/Km2

Vey =V C83/Km3

Vew =V C99/K,,,

V, o =V C99/Km5

v, = constant

We consider that the y-secretase inhibitor (GSI) follows an uncompetitive behaviour and it is

introduced in the rates v, ,and v, . as:

Vrg,y = Vm3 C83/(Kn13 (1 + X/KX ))
Vier = Via C99/(Km4 (1 + X/Ky ))

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

dAPP/dt =v, -V,, APP/K,, -V, APP/K,,
dc99/dt =V,, APP/K,, —V,; C99/K,, —V,, C99/(K,, (1+ X/K)) (S1.1)
dcs83/dt =V, APP/K, +V, C99/K, .-V, , C83/(K,, (1+ X/K,))

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:
v, V,/K ,1+X/K
C99 — 7y mZ/ m2 ( / X) (812)
(le /Kml + Vm2 /KmZ) (Vm4 /Km4 + VmS /K (1 + X/KX ))

m5

We obtain the production rate of AP in the steady-state intoducing the expression S1.2 into v, , rate:

Y
_ Vm4/Km4 vrU VmZ/KmZ
v, = (S1.3)
(le/Kml + VmZ/KmZ)(Vm4/Km4 + Vm5/K (1 +X/KX))

m5

This equation shows the dependence of the production rate of Ap with the inhibitor X (see equation 2,
main text). To deduced the variation of v, ., with respect to X its derivative is calculated and the

following expression is obtained:
avr4,’y - _ VmS /Km5 Vm4 /Km4 vro Vm2 /KmZ (Sl 4)
aX (le/Kml + VmZ/KmZ)(Vm4/Km4 + VmS/KmS (l + X/KX))2




This expression shows that v,
X.

, value can only diminish increasing the concentration of the inhibitor

We analyzed the AP rise assuming all secretases following linear kinetics. Here, we show that the
system, described by Eq. 1, doesn’t display AP rebound when all the enzymes follow Michaelis-
Menten kinetics with respect to their substrates but a-secretase shows non-saturation kinetics with
respect to C99.

In this case, the mass equations are the following:

dAPP/dt =v, —V,, APP/(K,,+APP)-V, APP/(K, +APP) (S1.5a)
dc99/dt =V,, APP/(K,,+APP)—V, C99 —

V.. (C9/K,,)/1+r, +C99/K,,+C83/K,,)
dc83/dt = V,, APP/(K,,+APP)+V,,C99 —

ml m5

v . (C83/K,,)/(l +r, +C99/K,,+C83/K,,)

(S1.5b)
(S1.5¢)

X/Ky

r
where: "X represents

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:

., =V, APP/(K,,+APP) and (1 - ot)v, = V,, APP/(K,, +APP) where APP is the

steady-state concentration value and a varies in [0,1].

ov

Subtituting these expressions in S1.5, the reduced system of equations is the following:

dC99/dt = ouv, —V,;s C99 —

v.(C9K,,)/1+r, +C99/K,,+C83/K,,)
dC83/dt = (1-a)v, +V,;C99 —
V.. (C83/K,,)/(l +r, +C99/K,,+C83/K, )

(S1.6a)
(S1.6b)

Considering steady-state conditions for equations S1.6, we deduced that A rise conditions should be
at the expense of a decrease in the C99 concentration (assuming that o and v, remain constant). So, a

necessary condition for A rise is that dAB/dr, < 0.

The solution of the system S1.6 in the steady-state has two potential solutions, (C 99,, C83, )and
(C99,, C83,).

co9 = o Vi =V, Vs 400, VoAV, Vo 4 K Vo Vs 4Ky 1y Vs Vs +4JF,
2(V,3=V,a Vs
co9, = Lo Vi = v, Vgt 00, VotV Vo + K Vo Vs + K Vo Vs +4/F
2(V,3 =V,a Wons

83, ==K, (d1=v, \JF, +7,,,\JF; )/ 4,
C83, ==K, (414v, JF 7, |JF )/ 4,



where
A=ov +(1=a)v ¥V, —(1+a)v, V.V, —(=a)v, Vi +V, Vo + K, (1+7)v, V,

m3 " m4 m3 " m4 m3

2Km4 (1+rx)vr0 I/m4 I/mS +Km4 (1+rx)Vm3 Vm4 VmS

AZ =2 Km4 (vrn - Vm3 )(I/m3 - Vm4 )VmS
F‘l =4G‘Km4 (1+rX )vro Vn13 (Vm3 _Vm4>I/m5 +(vru (_ oV, +(_ 1+a‘)Vm4>+Vm3 (Vm4 +Km4 (1+rX )VmS ))2

VmS -

m3

AssumingV,, >V, ., (C99,, C83,) is the only potential solution. The AB condition is the
following:

a C991 _vr (_an?a +Vm4 (1+a))+Vm3 (Vm4 +Km4 (1+FX)V

9 re :Km4 Vm3 [_1+ ’ \/E = )j/z (Vm3 _Vm4 ))

S1.7

It can be show that this expression is always positive since v, <V, , and V..,>V ..

For the case that ¥/, <V, ,, we have (C99,, C83,) as a potential solution. The AB condition is the
following:

9C99,
ary

:Km4 Vm3

(_1_ “Va (_ans +V 4 (1+(X)z/-;,—t/m3 (Vm4 +K,, (1+rx)Vm5 )]/2 (Vm3 v, ))

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 AP rebound.

Supplemental Section 2
Conditions to display an increase in Ap production

In this section, we derive an analytical expression that it is used in Figure 2. Now, it is assumed that
only a-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:

Vo APP/K

M T C99/K

N V. s C99/K

1+ C99/K,
As it was assumed in section 1, we consider that the GSI follows an uncompetitive behaviour and it is

introduced in the rates v, , and v, .

The system is defined by the following equations:
dAPP/dt = v, =V

m2 APP/KmZ - le APP/Kml/(l + C99/Km5) (821)
dc99/dt =v,, APP/K,, —V,, C99/K, /(1 + C99/K,;)-V,, C99/(K,, (1 + X/K,))

dC83/dt =V, APP/K, +V,; C99/K,./(1+C99/K, )-V,, C83/(K,, 1+ X/K,))



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
VilKn=V)Kr =V, /K,y =Vis/Kps=Vos/K,s=k and V, /K, =h*k where hisa

positive real number. In addition, we change notation by defining the new parameter

r,= (sz /K, , )/ v, = k/ v, - Introducing the simplification and notation changes above described

v

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

~C99’ +K2, 7, (147, )+C99* (~h—3K,  +r,(1+7r, )—hr, )+

mS5 v

C99(-2hK,, (1+r,)-2K2+2K,.7,(1+7,))= 0

m5 m5 v

S2.2

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

€99 = —(3) 3K, +h(1+r,)—r. (141 ) + W23)3 K2, +(0+r P (1 —r, )/Z +(1/632))z
$23
where

Z=39K o r, 4217 +9K?

ms

v 680y (17 4200 12 =210 (11, Y 1607 1, (141, ) =6 A (14 ) 3K 2, 412 (147, 433 H,

ms

and
e [~ ) 2 (L ) - K (K2 +r2 (147 P )+
0~ ms
ahr,(14r, P (SK2 472 (147 P )~ ah? (147, F (C2K2 4322 (147, )
To deduce the variation of v, . with respect to X we substitute the expression S2.3 into the rate v,
and its derivative is calculated and the following expression is obtained:
3 _ 2V 3 2 2 _ 2
2320 f 6320 +3K3 2hn+r?) -
3 'Hl 3 ’Hl
; 1 632 (R +3K2 = 2hr,+12 )~ 2h +6h K2 +6h> 1, +3K s r,—6hr? +27> + H, )
v, v
4 :7k 3 H4
( arz\' ]Xﬁo 18 ' 1
34 (2R +6hK2 +61> r,+3K 2 r,—6hr’ +2r) +H,)

18K

mS

S2.4
where:

H ==2R+18h K., +61*r,+9K . r,—6hr} +2r’ +
33K, -4k 120+ 0 8K —1277 - K2 (4 K2 +72 )+ 4h(SK 2 r, +77)

and

b V3K, (-87* +241° r,— K2, 12 +81° (K2, =372 )+4n(5K2, 1, +27))
CoJ-ant2nr+an 0K <37 )-K2 (WK 412 4 ah (5K 41

Finally, equation S2.4 is shown in Fig. 2 (main text) for different values of K., r, and 4.

m5»



Supplementary Section 3

Parameter estimates for in vitro model
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Supplemental Figure S1: Residual plot for the model of A 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: a-, B- and y-secretase parameter values used to fit HEKwt and
HEKsw data as shown in Fig. 3.

K, Vin
V, o 0.186 [0.88, 1.19] 1.10 [0.97, 1.02]
Vib (wh) 1.64 [0.84, 1.13] 0.153 [0.85, 1.16]
Vb (sw) 0.266 [ind, 3.75] 6.95 [0.367, ind]
v,y 28.8 [ind, ind] 14.6 [ind, ind]
v, 0.915 [0.69, 1.55] 1.71 [0.88, 1.04]
Vo 0.0672 [0.62, 1.50] 0.0223 [ind, ind]

The K, values are given in arbitrary concentration units and V/, in arbitrary concentration
units/seconds.

Supplemental Table S1b: Inhibitor parameter values used to fit HEKwt and HEKsw data as
shown in Fig. 3.

K;. (IlM) Kiy; (HM) K., (IlM)
DAPT 0.173 [0.57, 1.9] 145 [ind,ind] | 7.31 [0.84,1.1]
DPH-111122 | 0.163 [042,2.0] | 943 [ind,ind] | 2.54 [0.92,1.2]




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:

{emz(e)—x{éj < Aa}

2
where X is the objective function defined in method section (main text) and 0 represent a

2
parameter. The threshold Ao isthe 1 —a quantile of the Xar gistribution. df =1 gives confidence

intervals that hold individually for each parameter (1). /nd 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, s , in the ordinary differential equation describing the the variation of this intermediate. The
system is the following:

dAPP/dt =v, —v, , =V,
dC99/dt =v, s —v, o =V, , + ke
dC83/dt =v, , +v, , —V,,
dAB/dt = v,

dp3/dt=v,

Supplemental Section 4
Prediction of human A profile based on in vitro assay data

Adjusting the parameter values of the computational model proposed in the main text (V,,;, K,,; and
K;), we fit the model to the experimental in vitro profile of secreted AP in SH-SYS5Y APPwt cells
exposed to different Semagacestat concentrations (Jamsi, 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 AP profile derived from the mathematical model. These parameters were used to
adjust the plasma AP profile in humans.
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Supplemental Figure S2: Quantitative modelling of the AP secretion response to semagacestat in
SH-SYSY APPwt cells. Experimental data are displayed as square (close symbols). The model
simulation fits are shown as lines. The A levels are represented as percentage change respect to Ap

level at the reference steady-state, i.e. AP(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 AP secretion profile to semagacestat in SH-SYSY APPwt cells.

K, Vi
Vya 0.007834 1.003
Vs 4.283 0.03
Viy 1.999 1.523
Vi 3.68 4.947
Vo 0.002928 0.7025

K. (nM) Ki,; (nM) Ki.> (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.



Supplemental Table S3: Parameters used in the PK model for Semagacestat.

unit Value
ky | 1 min’ 0.0006193
ke min’' 0.0000783
4 1 58.14

The two additional parameter values corresponding to the extended model, f,; and k,, , are given in

the main text. These parameters were calculated by fitting the plasma AP profile.
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Supplemental Figure S3: Residual plot for the model of AP response for three semagacestat
concentrations over 24 hours shown in Fig. 5. The symbols are described in Fig. 5.



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 C v‘];y =0.001.
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Supplemental Figure S4: Flux control coefficients in the reference state. The total number of

J
FCCs is 36. The FCCs, c :(d In J)/ (d lnv)’ 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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