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S1 Figure. Detailed representation of the full model based on [S1]. Arrow-headed dashed lines indicate transcriptional regulation, arrow-headed
solid lines—protein transformation, circle-headed solid lines—positive influence, hammer-headed dotted lines—ubiquitination by Mdm?2 leading to
protein degradation. The subscripts n or c denote either nuclear or cytoplasmic localization of Mdm2. Bold ‘P’ and non-bold ‘U’ denote
phosphorylated and unphosphorylated states of given residues, respectively. Mdm2 inhibitor is represented with red circle; pro-survival and cycle-
promoting proteins are represented with blue boxes, pro-apoptotic proteins with yellow boxes, proteins promoting cell cycle arrest with green boxes,
while the remaining proteins and protein complexes are left in grey boxes.
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S2 Figure. Relative resistance to irradiation: normal versus PTEN-cancer (A, C) and Wipl-cancer (B, D)
cells based on the deterministic model simulations. The inhibitor dose is given in ICs, units per single
administration with respect to cancer cells for which 3-fold higher (A-B) or equal (C-D) specificity (with
respect to normal cells) is assumed. In each panel two protocols with highest IR ratio are marked with

color lines (see Legend). Grey lines correspond to the other analyzed protocols (shown in Fig. 4A).



All parameters, excluding parameters governing inhibitor dynamics, come from our previous study [S1]. All
reactants levels are given in molecules/cell; such representation enables stochastic simulations. Parameters
governing inhibitor dynamics where chosen to reproduce experimental data shown in Zhang et al. [S2]. The
maximal level of inhibitor in blood is achieved at approximately 2 hours after oral inhibitor delivery. After next
10 hours the inhibitor level decreases approximately ten-fold (see Fig 4). For the sake of simplicity processes of
cellular import of inhibitor from blood and its binding with Mdm2 are lumped together into a single reaction
with rate ka. Analogously, inhibitor:Mdm2 complex dissociation is lumped with inhibitor export from cell to
blood and described by a single reaction with rate kq. Oral inhibitor delivery is instantaneous. Technical
realization of such delivery is following: inhibitor administration time is set equal 10 seconds and the single
dose, denoted by INH, is administered with rate INH/10 s*. In the case of drip inhibitor delivery, a daily dose
INH is given with rate INH/24 hl. We assume that at any given time point the fraction of inhibitor molecules

bound to Mdm2 is small; accordingly we neglect depletion of inhibitor due to Mdm2 binding.

Supporting Tables

S1 Table. Notation guide.

Symbol

Description

Inhibitor dynamics

INHMdm2_oral
INHwmdm2_blood
Mdm2cyt op : INHMdm2bi0od
Mdm2cyt 2p : INHMdm2biood
Mdm2nuc_2p : INHmdm2bio0d
Mdm2nuc_3p : INHmdm2bio0d

Mdmz2 inhibitor administered orally

Mdmz2 inhibitor level in blood

complex of INHwmdm2_biood @nd cytoplasmic unphosphorylated Mdm2
complex of INHwmdmz_biood @nd cyt. Mdm2 p’ylated at Ser166 and 186
complex of INHwmdmz_biood @nd nuclear Mdm2 p’ylated at Ser166 and 186
complex of INHwmdm2_biood @nd nuc. Mdm2 p’ylated at Ser166, 186 and 395

Core module

DNApss DNA damage due to IR: double strand breaks (DSBs)
ATM, unphosphorylated kinase ATM

ATM, ATM phosphorylated at Ser1981 (upon DNA DSBs)
WipLlgene a, WipLlene i state of the Wipl (PPM1D) gene: active(a)/inactive(i)
Wiplmrna Wip1 transcript

Wipl phosphatase Wipl

SIAH1, unphosphorylated SIAH1

SIAH1, SIAH1 phosphorylated at Ser19

HIPK2 kinase HIPK2

p530p unphosphorylated p53

PS3ARRESTER p53 phosphorylated at Ser15, Ser20

pP53kiLLeR p53 phosphorylated at Serl5, Ser20 and additionally at Ser46
P53s46 p53 phosphorylated at Ser46 only

Mdm2gene a, MAM2gene i state of the Mdm2 gene: active(a)/inactive(i)

Mdm2mrna Mdm2 transcript

Mdm2cy: op cytoplasmic, unphosphorylated Mdm?2

Mdm2cyt 2p cytoplasmic Mdm2 phosphorylated at Ser166 and Ser186
MdmM2nuc_2p nuclear Mdm2 phosphorylated at Ser166 and Ser186
Mdm2nuc_3p nuclear Mdm2 phosph. at Ser166, 186 and additionally at Ser395
PI3K kinase PI3K

PTENgene a, PTENgene i state of the PTEN gene: active(a)/inactive(i)

PTENmrNA PTEN transcript

PIP2 bi-phosphatidylinositol

PIP3 tri-phosphatidylinositol



Akt
Akt,

unphosphorylated AKT
Akt phosphorylated at Thr308

Apoptotic module

Baxgene_a, Baxgene_i
Baxmrna
Bax

Belx.

Bax : Bclx,
Bad,

Bad,

Bcl-x.: Bady
14-3-3
Badp: 14-3-3
proCasp
Casp

state of the Bax gene: active(a)/inactive(i)
Bax transcript

unbound form of Bax

unbound form of Bcl-x.

complex of Bax and Bcl-x.

unbound, unphosphorylated Bad

Bad: unbound, phosphorylated at Ser75 and Ser99
complex of Bcl-x. and Bad,

unbound adapter protein 14-3-3

complex of Badpand 14-3-3

inactive caspase

active caspase

Cell cycle arrest module

p21gene_a, p21gene_i
P21lmrNA

p21

CycE

p21: CycE

Rbl,

Rb1,

Rbl,: E2F1

state of the p21 gene: active(a)/inactive(i)
p21 transcript

unbound p21

unbound Cyclin E

complex of p21 and Cyclin E

Rb1: unbound, unphosphorylated at Ser780
Rb1: unbound, phosphorylated at Ser780
complex of unphosphorylated Rb1 and E2F1

S2 Table. Model parameters.

Parameter Symbol Value Remarks
Duration of the IR phase IRt 600 [s] —
Inhibitor dose INH,,s. | asgiven —
Irradiation dose IRgy as given —
Number of DSBs per 1Gy of IR | DSBgy 10 [break/cell] —
Maximal number of DSBs DSBmax 10° [break/cell] —
Number of repair complexes DSBrep 20 [mic/cell] —
Total amount of SIAH1 SIAH1: | 105 [mlc/cell] SIAH1, = SIAH1, + SIAH1,
Total amount of ATM ATMot 105 [mlc/cell] ATMyo, = ATM, + ATM,,
Total amount of BelXL BelXLor | 10° [mlic/cell] Bclxy,,, = Belxy, + Bclx: Bad, + Bclx,: Bax
Badioc = Bad, + Bad,, + Bclxy: Bad,, +
Total amount of Bad Badiot 6 x 10* [mlc/cell]
+Bad,,: 14-3-3
Total amount of Rb1 Rb 1t 3 x 10° [mic/cell] | Rb1r = Rb1, + Rb1, + Rb1,: E2F1




Total amount of E2F1 E2F 1ot

2 x 10° [mlc/cell]

E2F1y = E2F1 + Rb1,: E2F1

Total amount of Akt Aktiot

105 [mic/cell]

Aktyor = Akty, + Akt

Total amount of PIP3 and PIP2 | PIPiot

10° [mlc/cell]

PIPyy; = PIP2 + PIP3

Total amount of 14-3-3 14-3-30t

2 x 10° [mlc/cell]

14-3-3o; = 14-3-3 +Bad,: 14-3-3

S3 Table. Reactions and reaction rate coefficients. All reactants levels are in molecules/cell.

Reaction

Rate

Coeff. Value

Inhibitor dynamics

INH
@ — INHMdmZ_oral

INHdose
duration

10 s (oral single
administration)

24x3600 s (drip
administration)

duration

INHMdmZ_oral i INHMdmZ_blood

dry

dr, 2.8 X 107%/s

INHygm2_piood = 9

dr,

dr, 0.7 x 10™%/s

INHMdm2 _blood

Mdma2 ., o,
Mdmzcyt_Op: INHyam2 plood

INHMdm2_blood
cyt_2p

Mdm?2 cyt_2p* INHyam2 plood

Mdm?2

INHMdm2 _blood

Mdmznuc_zp
Mdmznuc_Zp: INHMdmZ_blood

INHMdm2 _blood
MdmZnuc_3p

Mdmznuc_Sp: INHMdmZ_blood

ka ' INHMdmZ_blood ka kd

Mdmzcyt_()p
— Mdm2cyt_op! INH ypam2_plood

Mdmzcyt_2p
« Mdm2 g, ,: INHygmz plood

Mdmznuc_Zp
< Mdm2,, 7p: INHygmz piood

M dmZm,c_gp
< Mdmznucjp: INHyam2 _plood

kg 4.6 X 1075/s

Mdmzcyt_Zp: INHpdm2_plood
- Mdmznuc_Zp: INHygm2 blood

i 1073/s

Mdmznuc]p: INHMdmZ,blood

ATMp
’ Mdmznucjp: INHMdmZ?bluod

pe " ATM}, De 1078/s

Mdmznuc_Zp: INHygm2 blood

Wip1l
¢ Mdmznuc}p: INHMdmZ,blood

dg - Wip1

dg 10719/




Core module

IR DSB... - IR hy 107%/s
0= DNApsp )+ (DSByyay — DNApss) | DSBey 10
! IR, 10X 60's
Casp 6
0 — DNApsp h, - Casp - (DSByax — DNApsp) DSBiax 1013
h, 107+3/s
DNA o rep rep 1073/s
5
bss DNApsg + DSBrep, DNApss 20
3x107%/s
ATM, 5 ATM p DNAbss I;zl 2
5 .~ 7DbSB
" P ' MP+ DNAb, ” c
1
ATM,, pl ATM, d, - Wip1 d, 1078/s
ATM _
SIAH-1, — SIAH-1, P2 ATMp P2 107%/s
SIAH-1u « SIAH-1, d, d, 3x1075/s
0 - HIPK2 Sg Sg 30/s
HIPKz Tty T g7 (STAH-1, + Mdm2yyc )" 9, 10755
Wiplgene_i - Wiplgene_a qO_Wipl QO_Wipl 10_5/5
53 q1 wip1 3x10713/s
Wiplgene_ip Sl Wiplgene a q1_wip1 - D53 XRRESTER hlp 2
Wiplgene_i < Wiplgene_a q> q, 3x1073/s
% Wip1,,zxa Sy Wiplgene o 5 0.1/s
Wip1,gna— 9 91 91 3x107%/s
Wipl - 0 Js Js 3% 107/
@ - p53¢p Se Se 300/s
P53, 2 0
p53 46 0 B
: J101 J1o01 1075/s
P53 arresteR ~ 9D
P53xkiLLer = 9
Mdm2pyc -
P530p T ouc2p 911 Mdmz%luc_Zp g11 107'/s
MdmZnucizp
P53ARRESTER —
Md 2l'll‘lC _
p53KILLER u 912 ) Mdmziuc_Zp 912 10 13/5
Mdmznuciz
P53s46 >
53,, % p53
p —P
op ! ARRESTER ps - ATM, »s 3 % 10-%/s
P53546 S P53kiLLER
P53, < P53
op ARRESTER d, d, 10-%s

P53546 < P53KiLLER




HIPK2

P330p T P5354 HIPK?2 10710/
HIPK2 Pa Pa S
P53 ArresTER — PS5 3KiLLER
53,, < p53
Po30p S P93s46
P — ° d, - Wipl d, 107105
ip
P53 arresTER < PS3KILLER
Mdm2gene ; > Mdm2gep, o qo_Mdm2 qo_Mdm2 107%/s
p53 ql_Md 2 3 X 10_13/5
Mdma2 g, ; AT Mdm2,,,, , q1_Mdm?2 - P53 ARRESTER h " 2
Mdngene_i < Mdngene_a q; q, 3x1073/s
Md 2 ene_a
L) Mdm2 ,gna S3 - Mdngene_a S3 0.1/s
MdmZmRNA—> @ g3 g3 3 X 10_4/5
@ —> Mdm2y, o, t3 - Mdm2gna ts 0.1/s
AKT _
Mdm2 .y, oy —> Mdm2 .y, 5, ps * Akt Ds 1078/s
Mdmzcyt_Op < Mdmzcyt_Zp ds ds 107%/s
Mdmzcyt_Zp - Mdmznuc_Zp i1 il 10_3/5
ATM _
Mdm2,,. 5p — Mdm2,,. 3, Pe - ATM,, Ps 107%/s
Wip1 , _
Mdm2,,, 5p — Mdm2,, 3, de - Wipl dg 1071/s
Mdmzcyt_Op -0 914 914 10_4/5
Mdm2 .y 5, > O
915 915 3x1075/s
Mdm2,,c 2, > O
Mdmznuc_3p -0 Y16 Y16 107%/s
PTEN gene i = PTEN gepe o qo_PTEN qo_pTEN 107>/
p53 ql_PTEN 3 X 10_13/5
PTEN gope i ——5 PTEN gope 4 q1_pren " PS3KILLER N 5
PTENgene_i < PTENgene_a q» q, 3x1073/s
PTEN gene a
— IS PTEN jyua Sz * PTENgene o Sy 0.03/s
PTEN ,gna — 9 g2 9> 3x107%/s
0 d PTEN tz " PTENmRNA tz 01/5
PTEN - © Je Je 3x1075/s
PI3K _
PIP2 — PIP3 ps - PI3K Dsg 3x107%s
PIP2 = pIP3 d, - PTEN d, 3% 1077/
PIP3 _
Akt, —> Akt, P12 - PIP3 P12 107%/s
Akt, < Akt, dg dg 107*
Apoptotic module
Bax!}e"ei - Baxgene,a qo_Bax 490 _Bax 10_5/5




p53 91 B 3% 10_13/3
Baxgene ﬂBaxgene_a q1 Bax * psgﬁILLER hax 2
Baxgene_i < Baxgene_a q, q, 3x1073/s
B ene_a
L) AXmRNA Sa Baxgene_a S4 0.03/s
BameNA — @ g4 g4_ 3 X 10_4/5
@ 4 Bax t4 " BameNA t4_ 01/5
Bax - @ 9o 9o 107%/s
Bax + Bclx; - Bax: Bclx,, b, by 3x1075/s
Bax + Bclx,, « Bax: Bclx,, Uy U 1073/s
Bax: Bclx; — Bclx; 16 J1e 10™%/s
Bclx, + Bad, - Bclx: Bad, b, b, 3x1073/s
Bclx;, + Bad, < Bclx,: Bad, U, U, 1073/s
Ak _
Bclxy: Bad, chle p7 - Akt, p7 3x107%s
AKT _
Bad, — Bad, ps - Akt, o 3x107%s
Bad, < Bad,
d do 3x1075/s
Bad, + 14-3-3 < Bad,, + 14-3-3
Bad, + 14-3-3 > Bad,,: 14-3-3 by b, 3x1073/s
Bad, + 14-3-3 < Bad,: 14-3-3 Us Usg 1073/s
@ — proCasp S7 s 30/s
Bax, C a, 3 x 107195
proCasp M Casp a1 " Bax + az * CaSp2 a2 10_12/S
proCasp —» O
917 917 3x107%/s
Casp - O
Cell cycle arrest module
pZ 1gene_i - p21gene_a qO_p21 qo_p21 10_5/3
53 q 3x 10713/s
legene_iMp21gene_a q1._p21 * P53 ARRESTER 1_;:21 2
p21gene_i < pZIgene_a q> q, 3x1073/s
21 ene_a
9 oenes P21,rNa Ss " P21gene a Ss 0.1/s
pZImRNA—> @ gs gs 3 X 10_4/S
- le tS . p21mRNA tS 01/3
p21 -0 J1o J1o 3% 107/
S 30/s
5 ek .. E2F1" ; )
— Cyc I
M;" + E2F1 M, 2% 105
@ - CycE S10 S10 3/s
P21+ CycE - p21:CycE b bs 1075/s
P21+ CycE < p21:CycE Ug Ug 10™%/s
CycE > O 920 20 10™%/s




CycE _
Rb1, -5 Rb1, po * CycE Po 3 % 10-6/s
dq d 10%/s
Rb1, < Rb1 _— 12
u T RO %p M, + Rb1, M, 10°
Rb1, + E2F1 - Rb1,: E2F1 b, b, 10-5/s
Rb1, + E2F1 « Rb1,: E2F1 Us us 10~%/s
CycE _
Rb1,: E2F1 =5 Rb1, + E2F1 P1o - CycE P1o 3 x 107%/s
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