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Fig. 1. (color online) Mechanism of Bcl-2 and its related
proteins on Ca?"t release. An extracellular signal molecule
binds to its receptor and activates phospholipase C (PLC).
The latter stimulates the formation of IP3, which binds
to IP3R channel and modulates Ca2™t release. The bold
dashed arrow depicts that the release of Ca?t from pIP3R
is stronger than IP3R.
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Table 1. Parameters in Li-Rinzel model.
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Table 2. Parameters in the model.
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Fig. 2. Time series of [Ca?t]qyy for different [Bcl-2] as (a) [Bel-2] = 0.1 uM, (b) [Bcl-2] = 0.3 uM, (c) [Bcl-2] = 0.5 pM.
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Fig. 3. (color online) The one-parameter bifurcation diagram for [IP3]: (a) [Bcl-2] = 0 uM, (b) [Bcl-
2] = 0.25 uM, (c) [Bcl-2] = 0.4 pM; the one-parameter bifurcation diagram for [Bcl-2]: (d) [IP3] = 0.3 uM,
(e) [IP3] = 0.4 uM, (f) [IP3] = 0.6 uM.
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Fig. 6. (color online) The one-parameter bifurcation

diagram for [PP1]: (a) [Bcl-2] = 0.1 uM; (b) [Bcl-

2] = 0.3 pM.
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Fig. 7. (color online) The one-parameter bifurcation
diagram for [PKA]J: (a) [IP3] = 0.4 puM and [Bcl-
2] = 0.1 uM; (b) [IP3] = 0.4 uM and [Bcl-2] = 0.3 uM;
(c) IP3] = 0.6 uM and [Bcl-2] = 0.3 pM.
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Abstract

Calcium ion (Ca®*) is a signal for both life and death in cells. Either directly or indirectly, Bcl-2 protein can regulate
Ca?* release from IP3R channel, thereby determining the cell fate. In this work, based on recent experimental results,
a mathematical model is constructed to describe the signaling pathway of Ca?" release regulated by Bcl-2 indirectly.
The model output fits nicely to the experimental data. The model demonstrates that Bcl-2 can suppress Ca®" signaling.
After the robustness test of the model, the roles of some key components in the signaling pathway are predicted. Two-
parameter bifurcation analyses of [IP3] and [Bcl-2] are conducted to show that Bcl-2 has a crucial role in the oscillatory
region of Ca®" signaling. Single-parameter bifurcation analyses of [PP1] and [PKA] reveal that the PP1 can inhibit Ca?*
from signaling potently, while PKA only promotes Ca?" signaling to some extent. Our model also indicates that the
different combinations of concentrations of IP3, Bcl-2 and PKA generate complex regulations on Ca** signaling. This
work not only plays a guiding role in relevant biological experiments, but also provides some insights into the treatment

of diseases caused by disruption of Ca?* homeostasis.
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