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1. General remarks

The Supplement contains mathematical models that have been used as examples
illustrating the method presented in the man paper. We have not introduced any changes
to the notation used in the original models. Nominal values of parameters have also been
assumed as in the original models.

In the following sections, models equations are presented. The variables names
correspond to the molecule names and they denote concentration of those molecules.

2. p53 regulatory module

The p53/Mdm2 regulatory module, illustrated by the Fig. 2 in the main text, is described
by the following equations (Puszynski et al., 2008):
(Cytoplasmic) PTEN, PTEN(t)

dPTEN(t)

= t, PTEN,(t) — d,PTEN(t) (S2.1)
Active form of PIP, PIPy(t)
dm;f(a = ay(PIP,; — PIPy(t)) — coPTEN(£)PIP,(y) (S2.2)
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Active Akt, AKT(t)

dAKT,(t)
DL = 4y (AKTuo — AKT,(£)) PIB,(t) — ¢ AKT,(£) (52.3)
Cytoplasmic Mdm2, MDM(t)

dMDM(t)
dt

= tyMDM,(t) + c,MDM,,(t) — a,MDM (t)AKT,(t) —

N2(t)
hZ+N2(t)

(do + dy ) MDM(t) (S2.4)

Cytoplasmic phosphorylated Mdm2, MDMq(t)

‘“"Dd—’:’p(” = a,MDM(t)AKT,(t) — c;MDM,,(t) — icMDM,(t) + egMDM,,,,(¢) —

N2()
hZ+N2(t)

do + d; MDM,,(t) (S2.5)
( )Mo,

Nuclear phosphorylated Mdm2, MDMpn(t)

dMDMpn(t)

ioMDMy,(t) — egMD My (£) — (do + d VA
dt — b0 p 0 pn 0 1

h2+N2(t)

)MDMpn(t) (S2.6)

Inactive (nuclear) p53, P53,(t)

dP53,(t)

N2(t)
ot Po — (ao +aq

m) P53n(t) + C3P53pn(t) -

(ds + d4MDM§n(t)) P53,(t) (S2.7)

Active (nuclear) pS3, P53p,(t)

dP53 (1) N2(t)
=2 = (a0 + 1 575) P53(0) = €3P53pn(0) =
(ds + dgMDMZ,(£)) P53, (t) (S2.8)
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Mdm?2 transcript, MDM((t)

O = 250P4(t) — d;MDM,(t) (S2.9)
PTEN transcript, PTEN(t)

RO = 25,P4(t) — dgPTEN,(t) (S2.10)
Number of DSBs, N(t)

4
an(t) _ . p _ N()drepPa(t) Alt)
ac =~ Do R =5 v T a6< o > (52.11)
Apoptotic factor, A(t)
dA(t) q3P53pn(t)

where Pa(t) is the probability that the gene copy is active:

qo+q1P53%n(t)
d2+qo+q1P53pn(t)

Py(t) = (S2.13)

To make the model easier to understand, each of the equations is preceded by a caption,

related to the molecule whose concentration kinetics it describes. Used notation:

e Variables without subscripts refer to cytoplasmic content, while nuclear content is
represented by subscript n.
e mMRNA transcripts are denoted by t subscript.

e Phosphorylated or active form of proteins is indicated by p subscript.

All remaining symbols are model parameters, described in (Puszynski et al., 2008).
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3. IFN-B signaling pathway

The IFN— signaling pathway (Fig. 7 in the main text) has been introduced in (Smieja et

al., 2008). The following notation is used in the model description:

e Variables refer to cytoplasmic content if no subscripts are present, while nuclear

content is represented by subscript n.

e MRNA transcripts are denoted by t subscript and always refer to the cytoplasmic
content; the transport of mRNA to the cytoplasm is assumed to be very fast in

relation to other processes and therefore neglected in the model.
e Phosphorylated form of proteins is indicated by p subscript.
e Subscripts active and inactive are used to distinguish respective states of the
molecules.
e Four auxiliary variables x,,,; have been introduced in the source paper to fit the
delay between transcription factor and corresponding transcript peaks.

e u(t) is a logical variable and represents the model input; w(t) = 1 if signal (IFN-B)
is present, u(t) = 0 if no signal is present.

To make the model easier to understand, each of the equations that follow is preceded by
a caption, related to the molecule whose concentration kinetics it describes.

Unphosphorylated cytoplasmic STAT1:

dSTAT1 Keiopos STAT1
= ktransl . STATlt — ksldeg -STAT1 — u(t) . siphos .
dt 1+Ks1phosgy, STAT1

+Ks1dephe * STAT1, + 2Kinysist ° (STAT1p|STAT1p) + Kinysisz * (STAT1,|STAT2,)+

+eg, - STAT1, — iy, - STAT1 (S3.1)
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Unphosphorylated cytoplasmic STAT2

dSTAT?2
dt

Ks2phos STAT2
1+Kkszphosgge STAT2

= K¢ranst - STAT2, — kszdeg *STAT?2 — u(t) -

+hsaaepne  STAT2, + kinysisa - (STAT1,|STAT2,)+
+eg, - STAT2, — is, - STAT2

Phosphorylated cytoplasmic STAT1:

dSTAT1,

k STAT1
a —Ks1pdeg * STAT1, + u(t) - siphos

1+Ks1phosgy " STATL

ksldephc ) STATlp

—2Kgy51 - STAT1, - STAT1,, — kg3 - STAT1,, - STAT2,,
Phosphorylated cytoplasmic STAT2:

dSTAT2y

k -STAT?2
at —kszpaeg - STATZ, + u(t) - s2phos

1+Ks2phosgqe STAT2

kdeephc " STATZP

—kg152 - STAT1, - STAT2,

Cytoplasmic STAT1p|STAT1p complex

d(STAT1,|STAT1,)
dt

_islsl ) (STAT1p|STAT1p) - kinvslsl ' (STAT1p|STAT1p)

Cytoplasmic STAT1p|STAT2p complex

d(STAT1,|STAT2p)
dt

—is1s2 " (STAT1,|STAT2,) — kinys1sz - (STAT1,|STAT2,)
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= kgy51 - STAT1, - STAT1,, — ksys1paeq - (STAT1,|STAT1,) —

= ks1s2 - STAT1, - STAT2, — kg15apaeg - (STAT1,|STAT2,) —

(S3.2)

(S3.3)

(S3.4)

(S3.5)

(S3.6)



Cytoplasmic active IRF1 protein

dIRF1
dt

= Keranst * IRF1; — Ki1geg - IRF1 — ij; - IRF1 + e;; - IRF1,, (S3.7)
Cytoplasmic inactive IRF1 protein

dIRFlinactive
dt

Unphosphorylated nuclear STAT1

= _kildeg “IRF1jnactive + €41 - IRFlinactive_n (S3.8)

dSTAT1y,
dt

= sy ky - STAT1 — egy - ky, - STAT1,, — ksyge4 - STAT1,, +
+2Kinysisin - (STAT1,|STAT1,)  + kinvsison * (STAT1,|STAT2,) +
+2kinpysist - (Y|STAT1p|STAT1p)n + kinps1i1 - (STAT1|IRF1), —

—ksyi1 - IRFlactive_n - STAT1, (53-9)
Unphosphorylated nuclear STAT?2

dSTAT2,
dt

=gy "k, - STAT2 — e, - ky, - STAT2,, — kspqeq - STAT2,, +
+Kinpsison - (STAT1p|STAT2p)n (S3.10)
Nuclear STAT1p|STAT1p complex

d(STAT1p|STAT1p) |
I;t Tn = _(kinvslsl + kslslpdeg) ) (STATlpl'STATlp)n +

+igist Ky * (STAT1,|STAT1,) = kysier - (STAT1,|STAT1,) - Yactive n (S3.11)
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Nuclear STAT1p|STAT2p complex

d(STAT1p|STAT2;) |
ilt o = _(kinvslsz + kslsZpdeg) ) (STATlpl'STATZP)n +

+is1sz " ky - (STAT1,|STAT2,) (S3.12)

Active nuclear hypothetical Y phosphatase

dYactive n
acdtt =2 = Kactivation * (STAT1P|STAT2p)n * Yinactive, —

—Kys1s1 * (STAT1p|STAT1p)n *Yactive, T Kinvysisi * (Y|STAT1p|STAT1p)n(S3.13)

Inactive nuclear hypothetical Y phosphatase

Y qctive n
dtt = = —kactivation " (STAT]-p'STATZp)n ) Yinactiven (S3.14)

Nuclear Y|STAT1p|STAT1p complex

d(YISTAT1p|STAT1p)
dt

= Kys1s1 * (STAT1,[STAT1,)  Yactive, —
—Kinvyss1 - (YISTAT1,[STAT1,) — Kaegysis1 - (YISTAT1,|STAT1,) = (S3.15)
Nuclear active IRF1 protein

dIRF1,

ac = kv ' iil - IRF1 — kildeg ' IRFln - kv "€y IRFln -

_kinactil " IRFln - kSlil " IRFln - STATln + kinvslil " (STATllIRFl )TL (8316)
Nuclear inactive IRF1 protein

dIRFlinactive,n

dt = Kinactin * IRF1, — ki1indeg ) IRFlinactive_n —ky - €i1_in " IRFlinactive_n

(S3.17)
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Nuclear STATL|IRF1 complexes

d(STAT1|IRF1 ),
dt

IRF1 mRNA

dIRF11¢
dt

= Viz - (STAT1,|STAT1,)  — Kaegize - IRF1;
STAT1 mRNA

dSTAT1;
dt

= kSltpT‘Od + vslt ) xaux4- - kdegslt - STATlt
STAT2 mRNA

dSTAT2,
dt

= kSthTOd - kdegslt - STAT?2,
TAP1 mRNA

dTAP1,
dt

= ktltprod t Vg (STATlllRFl )n - kdegtlt ' TAPlt
LMP2 mRNA

dLMP2;
dt

= Kiatproa + Vize - (STAT1|IRF1),, — kyp, - LMP2,

Auxiliary variables

dXaux1 _ 1 1
a7 IRFIn = pXaua
anuxZ _ 1 1
I %Xauxl - %Xauxz
dXaqux3 _ 1 1
ac %Xauxz - ;Xaux3
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= Ks111 " IRF1, - STAT1, — (kslildeg + Kinvs1i1) * (STAT1|IRF1),

(S3.18)

(S3.19)

(S3.20)

(S3.21)

(S3.22)

(S3.23)

(S3.24)

(S3.25)

(S3.26)



anLlX4- _ 1 1
ac Exaux3 - ?Xaux4 (83-27)
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