Supplementary Information
Oscillation of Autophagy Induction under Cellular Stress and What Lies behind It,
a Systems Biology Study

1 Equations and parameters of ULK1 induced au-
tophagy model

The variables of the dynamical system are the active form of the regulatory elements.
The maximum concentrations of ULK1, mTOR, AMPK and REG are denoted as
ULK1ly, mMTORyr, AMPKy, REGy respectively. The interaction between the vari-
ables is described by first order reactions, and Michaelis-Menten kinetics Equations

S-S
AULK1  (Kguk + kauir * REG + kguya ¥ AMPK) % (ULK 1y — ULK1)

dt Juk - ULK1ly — ULK1
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AAMPEK  (kgar + STARV) ¥ (AMPKy — AMPK

dt (Jampk + AMPKp — AMP
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—(Kiak + kiggr * ULK1 + kigro * mTOR) x AMPK
B Jampk + AMPK
AREG  (kayeg + karegreanpi) ¥ (REGy — REG)
dt Jreg + REGr — REG
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The parameter values and their effects is described in Table S



Table S1: Parameter values and their effects.

Parameter \ Value

Dimension ‘ Effect

ULK1p 1 [-] Maximum ammount of ULK1 in the system
AMPK7y 1 [-] Maximum ammount of AMPK in the system
mTORyp 1 [-] Maximum ammount of mTOR in the system
REGT 1 [-] Maximum ammount of REG in the system
S 0<S<1|][-] stress levels

kaulk 0.101 min~! ULK1 background activity

Eautil 25 min~! ULK1 activation by REG

kouiio 0.03 min =" ULK1 activation by AMPK

Eiuik 0.1 min Background inhibition of ULK1

Kiutk1 20 min ! Ulk1 inhibition by mTOR

JuLk 0.001 [-] ULK1’s Michaleis-Menten constant

Kaak 0.2 min~! AMPK background activation

Kiak 0.1 min~! Background inhibition of AMPK

Kiak1 3 min~" AMPK inactivation by ULK1

Eiako 10 min " AMPK inactivation by mTOR

JaviPk 0.01 [-] AMPK’s Michaelis-Menten constant

Kamtor 0.0175 min~! mTOR background activation

Kimtor 0.0125 min~! Background inhibition of mTOR

Kimtort 10 min =" mTOR inhibition by AMPK

Kimtora 0.1 min~! mTOR inhibition by ULK1

Kimtor3 0.1 min~! mTOR inhibition by mTOR

JrEG 0.02 [-] REG’s Michaelis-Menten constant

Eareg 0.01 min Background activation of REG

Earegt 10 min~! REG activation by AMPK

Kireg 20 min~! Background inhibition of REG

2 Global sensitivity analysis

Since our parameter values are only tuned by comparsion of the model output to
data, the parameters have high uncertainty. Global sensitivity analysis makes it
possible to study the effects of t his uncertainty on t he model output Sumner (2010).

In this study we used Julia’s eFAST method to calculate the first and total
Sobol indices of the model parameters Dixit and Rackauckas (2022), which is a

variance based method. Let

Y = (X1, Xo, ...

then the first order Sobol index of equation Ss 1th input is defined

Si

similarly the total Sobol index if the ith model input is defined as

St =1
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That is, the greater the value of the parameter’s Sobol indices (the greater the
variance it causes), the greater its effect on the system.

In the analysis the parameter values were varied uniformly around their as-
sumed value by +50%. In this range the system remained numerically stable, and
the main qualitative dynamic features are kept as well.

Figure [S1| shows the impact of the parameters on the ULK1 level in ascending
order. The analysis suggests that ULKI1 level is most dependent on the stress levels
in the system and the strength of the ULK1 — |AM PK interaction. The fourth
highest Sobol index belongs to the AM PK— > REG reaction, which suggests that
the impact of this reaction on the system is significant.

3 Mathematical codes for computational simula-
tions

The mathematical models presented on the Figures were computed numerically using
XPP-AUT, which is freely available from it’s website. All the used codes for the
numerical analysis are available on GitHub. The proteins levels/activities are given
in arbitrary units (a.u).


http://www.math.pitt.edu/~bard/xpp/xpp.html
https://github.com/eraut/Autophagy_oscillation
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Figure S1: Total Sobol indices of ULK1 model output. The results suggest that the
stress level has the most impact on the ULK1 levels (parameter denoted with S. Then
the AMPK inhibition by ULK1 (kiak1l), total possible AMPK levels (AMPKT)
and the activation of REG by AMPK (karegl).
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Figure S2: The oscillatory characteristic of the oxidative stress response mechanism.
The bifurcation diagrams of A) AMPK, B) mTOR and C) ULK1. The signal
response curves are shown with respect to the increasing stress level. Solid red lines
denote stable states, while solid black line denotes the unstable state. Green dots
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Figure S3: Top 10 significantly enriched biological functions of upstream networks
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of additional proteins completing two criteria.
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