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Estimation of Intracellular Calcium Ion Concentration

TAKAMASA TsuNoDA,T Tosuiakt OMori, %14
HIROYOSHI MIYAKAWA, 3 MAasATO OKaDAT%14
and TorU Aonisurfh4

Calcium imaging method has two major problems. First, we need to cal-
ibrate the observation data to quantify the Ca?*t concentration, because the
observation data are the fluorescent signals of Ca?T indicator dyes that are
only indirect information about the Ca’% concentration. Second, the fluores-
cent signals are too noisy. To address these problems, we propose a statistical
method for the calcium imaging. We make a nonlinear state-space model de-
scribing the fluorescent signals obtained by the calcium imaging method, and
estimate its state vector consisting of the Ca?t concentration and Ca?* flux
by a particle filter based on the state-space model we make. By numerical
experiments, we verify the effectiveness of the proposed method, and compare
our method with the conventional calibration method.
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Fig.1 Model of Calcium imaging.
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Table 1 Parameter values used in numerical experiments

Parameter  Value Unit
Dissociation constant Ky 5.0 pM
Total dye concentration [D]T 0.5 uM
Resting state [Ca2+] [Ca2T | eet 0.1 uM
Noise intensity of detection process p 0.1 -
Ca’t bound dye fluorescence per concentration Ss 10.0 -
Inverse of time constant in Ca?t dynamics ¥ 0.5 sec™!
Noise intensity of Ca?t dynamics G 0.3 -
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Fig.2 Experimental result when all parameters are known. A : The case of the alpha function. B :

The case of the step function. In both figures, the horizontal axes denote time (sec), the left
vertical axes show Ca2+4 concentration (uM), and the right vertical axes denote Ca2+ flux
(uM/sec). In these lines, Est Ca means MPM estimation values of [Ca?T], True Ca shows true
values of [Caer}7 Est flux denotes MPM estimation values of Ca2+ flux, True flux means true
values of Ca2+ flux, and Fluor denotes artificial fluorescence signal utilized in this numerical

experiment.
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Fig.3 A : Model parameters estimation. Values of the log marginal likelihood as a function of

hyper-parameter k. The log marginal likelihood is maximized at x = 0.008, and estimated
parameters become 6= {11,0.8,0.15,0.008}. B : MPM estimation values of [Ca2+] and CaZt
flux with estimated parameters b = {11,0.8,0.15,0.008}. Each axis and line of this figure
corresponds to those of Fig. 2 B.
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Fig.4 Comparison of the proposed method and the conventional calibration method. The horizontal

axis denotes time (sec), the left vertical axis shows Ca?t concentration (M), and the right
vertical axis denotes fluorescence intensity. The solid line (Proposal method) shows MPM
estimation values, the dotted line (Calibration equation) denotes estimation values calculated
by the calibration equation (21), the gray line (True [Ca2+}) shows true values of [Caer}7 and
the dashed line (Fluorescence) shows artificial fluorescence signal utilized in this numerical

experiment.
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