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Fig. 1 Model for the molecular mechanism
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Fig. 2 Bifurcation diagram for the deterministic equation
The Hopf bifurcation value is about 0.257.

Table 1 Parameter descriptions and values used in Eq.(1)

Parameter Description Value
v, Transcription rate of the clock gene control parameter
ki Threshold beyond which the nuclear protein repress the transcription of its gene 0.2 nmol/L
n Hill coefficient characterizing the repression 4
Unm Maximum rate of mRNA degradation 0.3 nmol*L-"'¢h"!
fim Michaelis constant related to mRNA degradation 0.2 nmol/L
ks Translation rate of mRNA to protein 2.0h"
vy Maximum rate of protein degradation 1.5 nmol*L-*h"!
kq Michaelis constant related to protein degradation 0.1 nmol/L
k Transport rate of protein into the nucleus 0.2h"!
ks Transport rate of protein out of the nucleus 0.2 h!
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Fig. 3 SNR for the clock gene mRNA vs. noise intensity and the corresponding frequency shift

of IS vs. noise intensity at different values of correlation time(e) for v,”=0.256
Other parameters are shown in Table 1. m—m:e =3; e—e@ :¢ =5; A—A:e =7, v—V¥ : White noise.
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Fig. 4 SNR for the clock gene mRNA vs. noise intensity and the corresponding frequency shift

of IS vs. noise intensity at different values of correlation time (e) for v,/=0.258
Other parameters are shown in Table 1. m—m:e =3; 0—0:e =5; A—A: e = 7; y—Vv : White noise.
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Fig. 5 SNR for the clock gene mRNA vs. correlation
time (e) for v/=0.256
(a) Colored external noise. (b) Colored internal noise. Other parameters
are shown in Table 1. m—m:e=1; e—e@:¢=3; A—A: =5, v—V:e=7;

*—¢:e=9.
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Fig. 6 The maximum value of SNR for the clock
gene mRNA vs. correlation time (e) for v,=0.256
Other parameters are shown in Table 1. =—m : Additive colored noise;

e— e : Multiplicative colored noise.
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Fig. 7 SNR for the clock gene mRNA vs. correlation
time(e) of colored internal noise for v/=0.256
in the absence or presence of external signal
Other parameters are shown in Table 1.m—m: e=3, 4A=0.005, w=0.3Hz;
o—e =9, A=0.005, w=0.3Hz; A—A : ¢=3, no extemal signal; v—v :

e=9, no external signal.
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Fig. 8 SNR for the clock gene mRNA vs. noise intensity
of colored internal noise at various frequency of external
signal for v/=0.256 and e = 7(correlation time)

Other parameters are shown in Table 1.m—m: 4=0.005, W=0.1 Hz; e—o:
A=0.005, W=0.2 Hz; A—A: A=0.005, W=0.3 Hz; ¥—V¥: No external signal.
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Fig. 9 SNR for the clock gene mRNA vs. noise intensity
of colored internal noise at various amplitude of external
signal for v=0.256 and e = 7(correlation time)

Other parameters are shown in Table 1.m—m: A=0.002, w=0.3 Hz;e—e:
A=0.005, w=0.3 Hz;A—A: A=0.008, w=0.3 Hz; ¥—W¥ : No external signal.
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Effect of Colored Noise on Circadian Oscillation and Internal Signal
Stochastic Resonance in Biological Clock System”

SHI Jian-Cheng™, LUO Min
(College of Chemistry and Life Sciences, Guangxi Teachers Education University, Nanning 530001, China)

Abstract The effect of colored noise on circadian oscillation and internal signal stochastic resonance(ISSR) has
been studied in a Neurospora circadian clock system. The result shows that the correlation time of colored noise
can affect strongly the strength of ISSR. For the case of no external signal (ES), the correlation time of colored
noise plays a suppressive role for ISSR, and the suppressive role is increased with the increment of correlation time
of colored noise. When the ES is injected to the system, with the increasing of the correlation time of colored noise,
not only its suppressive role for ISSR is increased, but also the single peak ISSR can be transformed as internal
single stochastic bi-resonance (ISSBR). There exists an optimal frequency of ES for the ISSR information
amplification, while the ISSR is suppressed for another frequency of ES. In contrast to external colored noise,
internal colored noise is more efficient to sustain and amplify the ISSR information. Furthermore, there exists a

critical noise intensity for destroying the difference between white and colored noises.
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