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Fig. 1. Schematic depiction of the model on CDKI1-Plkl-
APC pathway.

FF Hill 317745 Michaelis-Menten JrFgB132

A RLAJEAFAS 20 73 SN AR I ) SiE 3R A 8y g 25 75 e
HH

PRI,y fcoK1 1)) [f)[isc_(tTj)r])]”' ’
(1)

d[PIk1(¢)] [CDK1(t — 7¢)]™
et =y~ o D

— d[PIkI(2)], (2)

208701-2


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. 20 (2021)

208701

d[APC(#)]
dt

[PIK1(t — 7p)]™
K3 + [PIkL(t — 7p)]™
(3)
IR AR R, 7E ¢ B A9 CDK1, Plkl Al
APC {EHARER S BT 81 APC, CDK1
A PIkL ATGTE. JET 2 AT A S5 | BEE A D621,
DL bJ5 A, B BN k=01, ko =3,
ks=3,d =3, dy=d;=1, Ky = Ky = K5 = 0.5,
Hill 250 M ny = no = n3 = 8. Ferrell £ 1621 £, 22
LA SR, B T N A Hill sREGE AR
IR SHL. Y R AR AR e P, X (H75
G B B AR R A TE 5K 1 S B I N A R
RRGEHRE, W] DGl 5 R S HE
OB EAG I 2 B8 1) 5 B

— ks(1 - [APC(1))

— d3[APC(t)],

3 #X5it%w

i ] ZE 3R ¥ CDK1, Plkl, APC I PE % 28 1k
5 APC, CDK1, Plk1 WG PR R 7E—il2,
ZIRR. I EEANRW e, A T, FTLAMRE Plkl
AF CDK1-Plk1-APC ¥z R 58 A A [A] SER R0,
2 ST FEAS R B[] ZE SR 4% 44, [CDK1],

[PLk 1]l [APC] i Fisf [ it £k 1 RS, Rt R T T
21 B JE AR . ARl 2 T DA ), [CDK1], [PIk1]F1
[APC] i 8] 9 78 b 7R T 55 ke e %) JR) 30 v A iR
D, L E SR B A ER 7, 7a Al 7, AT L
K, W% e, Ta, TpHUBAK, [CDK1], [PIk1]FI[APC]
Wi o ] i P 35 JR AR G iR M R R X
1, TE B B i b A S R LB S A B
AR SESR B0 o0 H B T A st [ 18 455 5 i
P, B 45443 SO RN TS E] AR K A S TR IE B
B 1] s i R A AR 4 A AR £
PRt [CDK1], [Plk1] 1 [APC] i iof [ 38 £ 114 41 1 gt
K, [CDK1], [PIk1]F1[APC] B[R] 8 £k () 4% i
WK, EWE LRI Z, RN 7 B i ]
A B RN 54, BRI AR K.t s it — 2 R B
TAE AN JE i A b, CDK1/APC ¥R & Sk
A4FMM CDK1, Plkl, APC &4 443 E AL R B
(APC FE G IBEAR L I 22 BALSE) B A] 1 i K
WISCIR P, IXOPP I M A7 B LT R s, B
T ER AN, Jf FL A T A (] B3R 2 7= AR A A MY
&IE.

FeARE 2 Hire, ma, o BARfEXT[CDKI], [PIk1],
[APC] i i [] 38 £k ) F1 2F s ), 38 0] LR, 7a

—a—T7c=0 —e—7¢c=0.5 —a-T17c=1.5

0
0 3 6 9 121518 21 24 27 30

t/min

& 2

—a—7p=0 ——7p =05 —a-—71p=1.5

0
0 3 6 9 121518 21 24 27 30

t/min

0.8 0.8 0.8
0.7+ 0.7+ 0.7k
__ 06} _ 06} _ 06} i
= o05f = o05f = o0s5f -‘IH
2 o4l Zooaf £ ooab FAI
& L & L a L I
S oaf S oaf S oaff T
0.1 0.1 0.1 -
O 1
0 3
0.9F 09F 0.9F
0.8} 0.8L 0.8L
_ 07L . 07} . 07}
S 06F = 06F = 06}
D 05F 2 05f 2 05
~ 0.4 x 0.4 F x 04t
= 03 = 03[ = 03l
0.2} 0.2f 0.2L
0.1} 0.1F 0.1F
0 0 0
0 3 6 9 1215 18 21 24 27 30
0.7 P meore 0.7 & n!‘
\ 2310 aSe mpe A mgs |l mY e =y
0.6 o5l 1 RS W 0.6 Sl | ey i aEdl oall
= sae | o J ) ° = e 1% L [Aae e |® =~
o [ %7 ) |
= 05p el ] NY T e R I R R W
S I SR TR B poar iyl &
<osp HRi.is Be S <o3p DNSAIL 19 3] =
o2f Ziiissis T a[ o2f Qlazilenal 4 i
0.1 Wi 59 L% R 0.1 oA e e Eita A

0
0 3 6 9 1215 18 21 24 27 30
t/min

—a—TAp =0 —e—7p =05 a7 =15

AR ]SSR 454, [CDK1], [Plk1] 5 [APC] Fififf 8] 4 3 £k .

Fig. 2. Temporal evolutions of the levels of [CDK1], [Pikl] and [APC] at different time delays.
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Fig. 3. Phase plots of [CDKI1] vs. [APC] at different 7¢.
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Fig. 4. Phase plots of [CDK1] vs [APC] different 74, and temporal evolutions of the levels of [CDK1] and [APC] for 74 = 2.0.
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Abstract

In this work, based on the Hill dynamics and Michaelis-Menten equation, a theoretical model is built to
study the influence of time delay on the oscillation dynamics of a cyclin-dependent kinase 1 (CDK1)/ anaphase-
promoting complex (APC) system. The theoretical model considers the time delay in the CDKI- polo-like
protein kinase (P1K1)-APC pathway. We find that under different time delay conditions, the CDK1, Plk1 and
APC exhibit periodic oscillation characteristics over time, indicating cell cycle progression. With the increase of
time delay, the oscillation periods and amplitudes of CDK1, Plkl and APC increase, which indicates that the
time delay will change the dynamic characteristics of the system. It implies that during the cell cycle, the status
of the CDK1/APC oscillation system will show a long-term correlation with the biochemical reaction time of
each component, such as CDK1, Plkl and APC. This correlation is influenced by its past, and there is a time-
delay effect. The additional correction will be made due to time delay. By investigating the time-delay effect in
Gaussian white noise environment, we find that in the Gaussian white noise environment, the noise disturbance
obviously changes the dynamic characteristics of CDK1 evolution with time. In a low-noise environment, the
CDK1/APC system changes the oscillation amplitude or period through self-adjusting time delay, so that the
system can restore the stable periodic oscillation, while in a high noise environment, CDK1 exhibits a damped
oscillation, indicating that the periodic oscillation dynamics of the CDK1/APC system will be significantly
changed by strong noise. In the CDK1/APC system oscillation process, the system adjusts the physiological
response through a feedback mechanism. There is a time delay between the perception of the noise effect and
the establishment of an appropriate physiological response. By different time delays, the system can adjust
complex non-periodic chaotic rhythms with different time delays, and recover to produce a stable periodic
physiological process. Owing to the time delay, the CDK1/APC oscillation system changes from the original
stable oscillation to a damped oscillation, but the original oscillation mode is difficult to recover. The theoretical
results further reveal the time-delay effect in cell cycle processes such as Xenopus embryos, and provide a

theoretical basis for designing pathway treatment plans that regulate cell cycle and block tumor transformation.
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