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The Simulation of Chemical Dynamics about the Influence of Noise on the
Detection of Weak Hormonal Signal in a Cell System

Li Hongying*, Yao Chengli
(Department of Chemistry and Chemical Engineering, Hefei Normal University, Hefei 230601, China)

Abstract By constructing a mesoscopic stochastic model of a cell system, we have investigated the influence
of internal and external noise on the detection of weak hormonal signal using computer simulation method. The results
showed that the increases of the internal noise intensity played a negative role in the detection of weak hormonal signal
with the existence of external noise; and in the presence of internal noise, the ability of the detection of weak signal
was the best at optimal external noise intensity. The results showed that there always existed internal signal stochastic
resonance in the range of cell volumes of mostly higher flora and fauna, and the cell system had the strongest ability
to detect weak signals at an optimal external noise intensity (2.0-3.0). The biological system is likely to have learned
to self-regulate their system volume to an optimal one, thereby make use of the positive effects of external noise. Our
findings might have implications for the mechanism of weak signal detecting process in living systems.
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Table 1 Ten stochastic reaction processes and corresponding rates

R L ipa SR R

The description of the processes Reaction rates

1

4
1

1

BEHLL
Stochastic processes
(@) X—>X+
(2) X—>X-
W W+
3) X->X-
4) Y > Y+1
5) Y > Y+l
6) Y—>Y-1
7 Z—>Z+1
(®) Z—>Z+1
©)] Z—>Z-1

(10)  wow-

1

The increase of [G.-GTP] due to the conversion of G,-GDP a =V ~kg[Ga7 GDP]

to G,-GTP

PLC* is formed when 4 mol of G,-GTP is combined with a,=V k|G, GTP]A[PLC ]
PLC

Aloss of [G,-GTP] due to the hydrolysis to G,-GDP a =V hg[Ga GTP]
The production of DAG from PIP, by the action of PLC* a, =V- kd[PLC *]
A ‘leak’ process which keeps DAG at the basal level as;=V-I,

The loss of DAG due to other chemical reactions ag=V-h, [DAG]
The increase of [Ca®"]; due to the release of Ca>* from the 0 - : [IR] w
endoplasmic reticulum (ER) triggered by IPs Ki+[IR]
A ‘leak’ process which keeps the cell at the basal level of a,=V-pl,

Ca®" in the absence of external stimuli

The loss of [Ca”']; due to the Ca**-ATPase pumps a,=V-ph, [Ca“],
The loss of PLC* due to the hydrolysis of the complex back 4, =V-h,[PLC¥|

to G.-GDP

X: Ge-GTPIHihE; W: PLC* IS Y: DAGHIHCEE; Z: 401 P IR h 45 25 T 4, Go-GTP: 455 GTPIHIG-H A a-TE2E; G-GDP: 454
GDPG-8 H ja-T7.3%; DAG: Hill —1; PIP,: BENSHENIEE —BERR; PLCH: W LI BEARIEC; [Ps: 1,4,5- =FERILEE .

X: the number of G.-GTP; W: the number of PLC*; Y: the number of DAG; Z: the number of intracellular calcium ions in the cytosol; G-
GTP: G-protein a-subunit bound to GTP; G,-GDP: G-protein a-subunit bound to GDP; DAG: diacylglycerol; PIP,: phosphatidylinosital
biphosphate; PLC*: activated form of phospholipase C; IP;: inositol 1,4,5-triphosphate.
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Fig.1 The Hopf bifurcation figure (A) and the time series of the concentration of intracellular calcium ion (B)
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Fig.2 The time series of the concentration calcium ion (A) and the relationship of the

coherence resonance (CR) and the external noise intensity (D) (B)
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Fig.3 The time series of the concentration calcium ion (A) and the relationship of the

coherence resonance (CR) and the system size (}) (B)
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