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The Improved De Young-XKeizer Calcium Oscillations Model

PANG Xinghui' > QI Hong' **
(1. Complex Systems Research Center Shanxi University Taiyuan Shanxi 030006 China; 2. Shanxi Key Laboratory of Mathematical

Techniques and Big Data Analysis on Disease Control and Prevention Shanxi University Taiyuan Shanxi 030006 China)

Abstract: Ca’* is an important messenger that controls many cellular activities through the form of calcium oscilla—
tions. In order to study the mechanisms of calcium oscillations researchers have developed many models among
which De YoungKeizer model ( DYK model) is one of the standard models in the field. However DYK model has
some shortcomings. The main problem is that the amplitude of Ca’* oscillations is far from the recent experimental
data. Here based on the results of parameter sensitivity analysis for DYK model three parameters are adjusted and
an improved DYK model is proposed by considering the role of Ca>* buffer. The results of time series and bifurca—
tion analysis with respect to 1P, of the improved DYK model show that the amplitudes of Ca’>* oscillations in the
cytoplasm and endoplasmic reticulum are all consistent with the experimental observation. In addition it is shown
that by fine-tuning three parameters of the improved model the calcium signal can be encoded in amplitude modula—
tion frequency modulation or mixed modulation. This study not only helps people understand the mechanism and
encoding modes of calcium oscillations from a theoretical perspective but also provides a mathematical model that
can truly reflect the experimental results and a theoretical framework for subsequent researches.

Key words: De Young—Keizer model; calcium oscillations; bifurcation analysis; amplitude modulation; frequency

modulation



