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Fig. 4 (a): Pseudo - 3D diagram of protein concentration at the noise intensity and autocorrelation time; (b): The probability
distribution function P (x) is used as a function of the autocorrelation time #;

The other parameters: a = 0.04, b = 0.68, s = 0.222, ky = 0.62, k; =0.1.
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Fig. 5 (a): Pseudo - 3D diagram of protein concentration at the noise intensity and auto correlation time; (b): The probability
distribution function P (x) is used as a function of the autocorrelation time 7,

The other parameters: a = 0.04, b = 0.68, s = 0.222, ky = 0.62, k; =0.1.

3 FEEHIEATE
XURG 28 40 F W P 22 S Wi P A A 18] A AR BB Ak, B R S — RS AESN VR T T Hh ke o i &2

AV T — RS, WK 6 s, N1 E] 0.06
— AT A 1) e A B 0 B TR) ML, 38R T ST
R0, PR AR PRI ] (MEPT), AP 0
AR A o
x dx x NG|
T =)= [ ot [ POy =
2 0.03 }
X
Ngemgen :
U ’ U . ! 1 ) e
exp( (x )D (xl)), (11 0 oz(jcl e % .
X
E75 2 (L) R 2 A%, F— BT AR XE AL 2, B 6 ST RGO (s
W, 7E 48 A W R S5 1T, N e B B Fig. 6 The change of the steady state of the system under the
V9, TR o T M 138 D acton of external force
T 22AV(x) B, FIJH MFPT B8 SRR T [T LIS 2.
2 U(xy)—U(x1)
Ty = 12
SN e e XeXp( D ) 2
x byt XO—k(s—1)x
b V= ‘L,o‘” B2 (1+0(5+E6) g
__p*I®
U(x) = Df_m O
b2 =k (s—D)x
fw=a+ 22 (1+0@+k)
4
B(x) = bx o

1-71Cy (k(%+x2)2 * 1-1,C;

FEREFRIB R G, BRAE 2 3l T 24 v %) gk 2 BT, 0 3k o B 2850 1k S FH - X0 3 s ) of 21
& 7(a) 45t T RS MEME S DI OCIRINEE] ¢y 1 -2 8 3@ I E] 710 Coff 25y BRI 3 on 5xp ) B RAR KR, 7
AN[FI e SR T, MFPT 23R ()35 R S 80 Bl gl ity a2, (51 7(b) 25 th T ZE M o 19 3 6



55 3 10 WA R A5 Rl 2 AT R R B R T K ComK BEN IR B) )% 345

WK F 1) £ T ~F- 2418 S S [ 715 ( Cof f 25y BRI 3 on 25y ) 1Y R B, 7EAS [A) i 75 58 B2 R, MFPT 23 B
3G R L2 B PRI DR A R B, I U, BB 1 ORI TR] 10 e ARG A, WP i REABOAS, 8 1 oo JEE A
ARV B 25T 1) v R B A BTt L (VR T />, B off " ARAS B “on” (AR ARTHER S 5y, RNk TR Z 1]
FRFE AL, Bmriiiid, A IR a] 23 ) 55 e 2 sk BE A RO RRE T

11.0 18
— D=0.01
D=0.04
D=0.08
10.6
= =
=5 =%
oo} <o)
= =
10.2
9.8 : : - -
107! 10° 10! 10? 10! 10° 10! 10?

4 2

Bl 7 (lER AASCIS R T, REEF-H E B I (MFPT) A2 (LR
(a) Z et R [ OCHRI TRIXS T2 (off Z5—on Z5) A28 4k (b) ZIAIEME P F SCHRI TR]X T2 (off Z—on 25) Y7284k
Fig. 7 The change of the mean first passage time (MFPT) of the system under the influence of color noise autocorrelation time

(a): The change of multiplicative noise autocorrelation time on T (off state — on state); (b): The change of multiplicative
noise autocorrelation time on 7 (on state — off state)

4 & B

AKIESE LR AER I B FIAR ST L5 V5 45t ComK kPR 63k 2 Gt s A 22 701 R B 1A
FIRA, W T MRS S AR SO A IR LA SO R G 8l 1 R R B R SR e e B R LA
PRI LU 2598 W s HE K HG B SRS 18] 22 A 2 s 23 015 R RS 2 AR 07 1 Wi I 221k,
RIS P iR 2 % H: ) SCHK IR 1B A 2 RO R GE R A S o FEAN RIS P Mg P AP e P A AR SR 2 T, B
FI SRIBERR T 385 A, 2 P AR 32 A R 22 o e S8 2 I 7 IR TR, Tl 1 ARZS Z ATk, LI gt s
SR HE T SCHRIN (] 225 R H RO BE 2 I 1 01" — 57 Bk, BRIV SCHRIN (] 75— R b2 M55 2
T B S RO RRE E, RIS [T A5 Y [ SCHK IR RI B IS 5 ComK JE PATEAS PR BLRAS Z A U4k, $2 755
FAEAFBER . A A SR S D15 28 G0 Hh B 1 ok 38 A Al g DR 2 RN 7 i JBE X 2R S AR 52, e B
Jo e JEE He A B — BRI AL P 56 J88 R [ SRR T A R/ NS B 87 R SR o AR5 DA DR 7 1 14 2% 2L
FRTTEERAL T —E R BT

SRk

[1] YANG T, ZHANG C, ZENG C, et al. Delay and noise induced regime shift and enhanced stability in gene expression dynam-
ics [J]. Journal of Statistical Mechanics Theory & Experiment, 2014(12): 12015.

[2] ZHU P, FU Y. Stationary Properties and Stochastic Resonance for a Saturation Laser Model with Cross-correlation Between
Quantum Noise Terms [J]. J Stat Phys, 2009(136): 131 — 143.

[3] DUAN W L. The stability analysis of tumor-immune responses to chemotherapy system driven by Gaussian colored noises
[J]. Chaos Solitons & Fractals, 2020, 141: 110303.

[4] YANG Y C, LI D X. Impact of colored noise on population model with Allee effect [J]. Communications in Theoretical
Physics, 2019, 71(1): 107 — 116.

[5] SMITS W K, ESCHEVINS C C, SUSANNA K A, et al. Stripping Bacillus: ComK auto-stimulation is responsible for the
bistable response in competence development [J]. Molecular Microbiology, 2005, 56(3): 604 — 614.

[6] MANNMAR H, DUBNAU D. Bistability in the Bacillus subtilis K-state (competence) system requires a positive feedback
loop [J]. Molecular Microbiology, 2005, 56(3): 615 — 624.

[7] KARMAKAR R, BOSE L. Positive feedback, stochasticity and genetic competence [J]. Physical Biology, 2007, 4(1): 29.

[8] PAL M, PAL A K, GHOSH S, et al. Early signatures of regime shifts in gene expression dynamics [J]. Physical Biology,


https://doi.org/10.1088/0253-6102/71/1/107
https://doi.org/10.1088/0253-6102/71/1/107
https://doi.org/10.1111/j.1365-2958.2005.04488.x
https://doi.org/10.1111/j.1365-2958.2005.04592.x
https://doi.org/10.1088/1478-3975/4/1/004
https://doi.org/10.1088/1478-3975/10/3/036010
https://doi.org/10.1088/0253-6102/71/1/107
https://doi.org/10.1088/0253-6102/71/1/107
https://doi.org/10.1111/j.1365-2958.2005.04488.x
https://doi.org/10.1111/j.1365-2958.2005.04592.x
https://doi.org/10.1088/1478-3975/4/1/004
https://doi.org/10.1088/1478-3975/10/3/036010

346 oy 4 ) 2 R 2021 4F

2013, 10(3): 036010.
[9] WU G. Approximate Fokker—Planck equation of system driven by multiplicative colored noises with colored cross-correla-
tion [J]. Physica A: Statistical Mechanics and its Applications, 2004, 335(3/4): 371 — 384.

[10] SHIP M, XIA HF, HAN D Y, et al. Stochastic resonance in a time polo-delayed asymmetry bistable system driven by mul-
tiplicative white noise and additive color noise [J]. Chaos, Solitons & Fractals, 2018, 108: 8 — 14.

[11] QIU H H, ZHANG B B, ZHOU T S. Explicit effect of stochastic reaction delay on gene expression [J]. Physical Review E,
2020, 101(1): 12405.

[12] FRANK T D. Delay Fokker-Planck equations, Novikov’s theorem, and Boltzmann distributions as small delay approxima-
tions [J]. Physical Review E, 2005, 72(1): 011112.

[13] FOX, R F. Laser-noise analysis by first-passage-time techniques [J]. Physical Review A, 1986, 34(4): 3405.

[14] JTIA' Y, Li J R. Transient properties of a bistable kinetic model with correlations between additive and multiplicative noises:
Mean first-passage time [J]. Physical Review E Statistical Physics Plasmas Fluids & Related Interdisciplinary Topics, 1996,
53(6): 5764.

[15] HOLMHOUSE J, GUPTA A, GRIMA R. Steady-state fluctuations of a genetic feedback loop with fluctuating rate paramet-
ers using the unified colored noise approximation [J]. Journal of Physics A, 2020, 53(40): 405601.

[16] YU X X, GUO Y F, LOU X J, et al. First-passage behavior of under-damped asymmetric bistable system driven by Lévy
noise [J]. Modern Physics Letters B, 2020, 34(31): 2050348.

[17] JIA Z L, MEI D C. Controlling the noise enhanced stability effect via noise recycling in a metastable system [J]. European
Physical Journal B, 2012, 85(4): 1 — 8.

[18] MASOLIVER J, WEST B J, LINDENBERG K. Bistability driven by Gaussian colored noise: First-passage times [J]. Phys-
ical Review A, 1987, 35(7): 3086 — 94.

Kinetics of ComK Gene Expression Induced by Colored

Noises in Bacillus subtilis

CHEN Leiyan', LIU Peijiang’, WANG Haohua'”

(1. School of Sciences, Hainan University, Haikou 570228; 2. School of Statistics and Mathematics, Guangdong University of Finance and Economics,
Guangzhou, Guangdong 510642; 3. Ministry of Education Key Laboratory for Genetics & Germplasm Enhancement of Tropical Specialty Forest and
Flowers and Plants, Haikou, Hainan 570228, China.)

Abstract: Bacillus subtilis contains coupled positive and negative feedback loops and senses environmental
noise fluctuations through the signaling pathway of transcription factor ComK. Therefore, a study on the
dynamics of ComK expression induced by noise intensity and autocorrelation time can effectively reveal the
evolutionary process of B. subtilis. An attempt was made to analyze the phenomenon of protein concentration
conversion induced by color noise in ComK expression system. According to Novikov theory and Fox
approximation method, the approximate expression of the steady-state probability distribution function is given,
and the approximate expression of the mean first passage time is calculated by using the steepest descent
method. The effects of the noise intensity and the autocorrelation time of the multiplicative noise and additive
noise on the steady-state probability distribution and the mean first passage time are analyzed. The results show
that under different noise intensities of multiplicative noise and additive noise, the mean first passage time
decreases with the increase of autocorrelation time, which indicates that the noise intensity and autocorrelation

time will cause the protein concentration to go through the transition from “on” to “off ”.
Keywords: gene transcription regulation system; color noises; mean first passage time
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