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Fig.1 The flowchart of hybrid immune multi-objective optimization
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Fig.2 The schematic diagram of the state transitions for De Yong-Keizer IP;R subunit In each subunit,
there are one IP; binding site, one activating Ca* binding site and one inhibitory C&* binding site. The dtate of
each subunit is denoted as (ijk), where the index i representes the IP; binding site, j the activating Ca* binding
ste and k the inhibitory Ca* binding ste. An occupied site is represented by 1 and an unoccupied site by O.
Each subunit is activated when it is in the (110) state. Parameters g and b; represente the binding constant and
unbinding constant, respectively. C and | represente the concentrations of Ca?* and IP, respectively. The arrows
mean the binding directions
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Fig.3 The fittings of IP;R in Xenopus oocyte (A) shows the optima front of mismatch functions, i.e. the minima of the
mismatch functions in Py, 7o and 7. (B)~ (D) show the fittings of the open probability P, the mean opening time 7, and the
mean closing time 7. as a function of C&* concentration for different IP; concentrations, respectively. The fitting parameters are
K;=0.0074 pmol/L, K,=82.5308 wmol/L, K;=0.2302 pmol/L, K=KKJ/Ks; K=0.1606 pmol/L, a=1x10* L/pmol -ms, a=1.0017 x
10*L/pmol -ms, a=0.7607 L/p.mol -ms
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Fig.4 The fittings of IP;R in Sf9 cell (A) shows the optima front of mismatch functions, i.e. the minima of
the mismatch functions in P, 7o and 7. (B)~ (D) show respectively the fittings of the open probability P, the
mean opening time 7, and the mean closng time 7. as a function of Ca& concentration for different 1P,
concentrations, respectively. The fitting parameters are K,=0.0127 pmol/L, K,=27.6501 wmol/L, K,=0.4888 pnmol/L,
K=K KJ/Ks Kg=0.1821 pmol/L, a,=0.6071 L/pmol -ms, a,=0.0018 L/pmol - ms, a:=0.0170 L/p.mol-ms
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Fig.5 The comparison of parameter ranges for IP;R between Oocyte and Sf9 cells (A) shows the
parameter ranges in Oocyte cell and (B) shows the parameter ranges in Sf9 cell. Units of the parameters:
K, pmoal/L; a, L/pmol-ms
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Table 1 The parameter ranges of the IPs;R channels in Oocyte and Sf9 cells
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Fig.6 The comparison of adjusted parameter ranges for IP;R between Oocyte and Sf9 cells (A) shows
the parameter ranges in Oocyte cell and (B) shows the parameter ranges in Sf9 cell. Units of the parameters: K,

pwmol/L; a, L/pmol-ms
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Fig.7 The comparison of adjusted parameter distributions of IP;R channels between Oocyte and Sf9 cell

The parameter digtributions between the two types of cells show three situations. basic identity (A), partid
overlap (B) and basic separation (C). Units of the parameters. K, pmol/L; a, L/wmol-ms
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Abstract: The inositol 1,4,5-trisphosphate receptor (IPsR), which is a Ca*-release channel in the endoplasmic
reticulum, plays an important role in cellular signaling system. In recent years, several IP;R models have
been proposed to fit the stationary data of patch clamp recordings. The De Young-Keizer model is one of
the most widely applied IP;R models. With the rapid development of artificial immune system, the artificial
immune algorithms have been widely applied to multi-objective optimization problems. In this paper, the
authors applied the immune algorithm to fit the parameters in De Young-Keizer model according to the
nuclear membrane experimental data of open probability, mean open time and mean closing time of the
Xenopus oocyte and Spodoptera frugiperda Sf9 cells. By comparing the fitting parameter distributions of the
two types of channels, it is indicated that the differences in the IP;R channel dynamics between the two
types of cells are originated from the dynamic differences in the IP; binding site when inhibitory Ca* is
bonded and the inhibitory Ca* binding site when IP; is bonded.
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