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Fig. 1. Schematic diagrams of the model. Arrow-headed
lines indicate promotion or state transition; bar-head lines

indicate inhibition.

B3 vaks 2 NS B DA S IV S et L

ATM, &P p53, Wipl, 7E Ser395 {7 s Wi 2 1k
) Mdm2 (Mdm2p1), A Mdm2 (Mdm2i), 75
Ser166 &% Ser168 fi. MR LA Mdm2 (Mdm2p2).
R A5 1Y iy 25 18 R AR A RN (U a2 ATMAE
DSB i, # Wipl Kifi; pb3 BIIIH T 28 ATM,

138701-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 2 3R Acta Phys. Sin. Vol. 70, No. 13 (2021)

138701

A 52 B Mdm2pl 520 ; Wipl FE R i 4 564K 86
F p53; Mdm2 F& K A 55 AR p53; AN ERE
Z 0k p53 Y% 1Y Akt i % B Mdm2 7] FH B H 7
Ser166 mX Ser168 o i B W R Tk LA e ik, =
FH Mdm?2i 5 Mdm2p2 # H 54k Mdm2 # ATM
AL 7% S Mdm2pl; Mdm2pl X fig H ﬁi&f@ﬁ

WAk, 221 Mdm?2i), ol 45 AN 1 B iR RUAE
2. 28 TR SO A — TR T RS
1 FRLEWNEAFRE, £FHE SRS T
HEABFZE, 2 “S7 % (7 SCRIA 7K R
H) ok Z i £ B A) A AH EL IR, U ph xS
W2 <EE” RS A AR I T

dATM] [Wip1]o
5,  — Vatm — Uatm 1 - 750 1 Mxr:1le ) 1
dt Vat dt < p0+p0k00 + [Wlpl]sO ( )
d[ps3] [ATM]* Mdm2p1]*>
L R _ S i IS Y B T
a0 (1 P P AT P2t P Mdm2pl ]
[Mdm2p2]®s
- - 2
d[Mdm2i] [p53]* [ATM]* .
dMdm2i] _ (1 1) S DN AV ) (Mdm2
a2 ( pat P e ) e\ T P ages ) Mm2
+ kqMdm2pl1] — kp [Mdm2i] + kg, [Mdm2p2] — dmgm2 [Mdm2i], (3)
dMdm2pl] [ATM]® .
AMdmepll (1 - AV ) (Mdm2i] — ko[Mdm2p1] — fdimams[Mdm2pl], 4
) by (1 st s e ) A2~ B Mam2]  fdamalMan2pl], (1)
% — iy [Mdm2i] — kg [Mdm2p2] — gdmama[Mdm2p2], (5)
d[Wip1] [p53)% .
— i (1 - S S BT 6
a - e P66 psafee pi [Wipl] (6)

b B B Ry <C7, B TRIEAA A 208 (min), A /R
RE so=s1=spy=s3=s4=56=4, 55=2, H
s 1 B HUE B iR N2 11223031 g YERRES B
T p53 BRI IATE 4—7 ANz Ja (& 2), 5

LI — 2L

[p53]

0 500 1000 1500
18] /min

2 ph3 A ] by AR R
Fig. 2. Time occurs of p53.

3 SREAM
31 XTFERBRESH KNSRI

Mdm2 X} p53 1EJfHE AY E @42 S Mdm?2 7E
Ser395 v S IBERR L, 5SS Kk, XN, #52Z, ky

\

FI(ER Y T p53-Mdm2 1E S RS0 E. 1 Jereld 3
BT ph3 ARG K KRB R, BIARYE 1 5
. AEART A ST EIBLT =AM RS Sy
75, (SN) | #2564 43 2% 45 (SNIC) . B R A3
Ji (HB). £ SN Al SNIC 2 8] iy 5 £k S A Fa /e 1Y
B, 76 SN M HB 2[Rl 21 (2 2 AR e I 45 1
FIfE 5, 7€ SNIC Fl HB Z ZM1 B AA 2640 3K pb3 fa
ERFAZS. 78 SNIC Al HB 2], X4 3h 1 &2 G
IAFAERSE BN PRIR, tHE: ph3 shIT M TR

3.0

K3 RTSH ky 1— 452018

Fig. 3. One-dimensional bifurcation graph on parameter k.
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Table 1.  Parameters of the model.
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Abstract

The transcription factor p53 is the core of the cellular stress network, which controls cell fate decisions on
genotoxic stress in a dynamics response manner. Mdm?2 is an E3 ubiquitin ligase, which play a dual role in p53
regulation, that is, on the one hand, Mdm2 destroys the stability of p53 via ubiquitin labeling, and on the other
hand, Mdm?2 increase the efficiency of p53 production through binding p53 messenger RNA. A number of
models indicate that Mdm2's inhibitory function on p53 plays a constructive role in the p53-Mdm?2 vibrator, the
research of how Mdm?2's promotion function on p53 regulates the dynamics of this gene network, however, is
still lacking. To this end, this paper uses a mathematical model to comprehensively explore the influence of the
Mdm?2 up-regulation p53 pathway on p53 dynamics. We adopt the ordinary differential equations (ODE) model
and the bifurcation analysis method to investigate the multiple role of Mdm2 on p53 gene networks dynamics
control. The results show that the phosphorylation of Mdm2 at Ser395, which forming a positive feedback loop
(PFL) with p53, is essential for the oscillation of this gene network and may be the reason why there is a
bimodal switch of p53 kinetics under etoposide stimulation; the previously reported phosphatase Wipl is
required for the oscillation of p53, which may only occur in situations where the intensity of the PFL mediated
by phosphorylated Mdm?2 is high, and we predict that Wipl will inhibit the p53 oscillation in some weak PFL
cases; Finally, our model also proves that Mdm2 promotes the deactivation and ubiquitination degradation of
p53 is a key factor in the occurrence of repeated vibration dynamics of p53. The main conclusions of this paper
are exhibited in some two-dimensional bifurcation diagrams. In order to confirm these bifurcation phenomena,
we discuss the case where the Hill coefficient describing the degree of nonlinearity is small. As a result, there is
no obvious shape change of the bifurcation curves surrounding the oscillation region. The robustness of these
conclusions is verified again. We believe that our results can play a guiding role in the future related

experiments of p53 kinetics.
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