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Supported by the ‘Leading Project of 

Biosimulation of Japanese government’, we 
developed the Kyoto model to reconstruct the 
membrane excitation as well as the cell 
contraction in guinea-pig ventricular myocytes 
and rabbit SA node cells (1-3) based on the 
multi-compartment model originally developed by 
D.Noble (4-5). Individual ion channels or 
exchangers are described with a common set of 
equations for both the sinoatrial node pacemaker 
and the ventricular cells. The experimental data 
have been included, such as the kinetics of the 
inward rectifier K+ channel, the delayed rectifier 
K+ channel and the sustained inward current. The 
gating model of Shirokov et al. (6) is used for both 
the fast Na+ and L-type Ca2+ channels. The ionic 
homeostasis of the intracellular medium was 
established on cycle to cycle base, and the model 
responds in a reversible manner to various 
interventions described in various experimental 
studies. When combined with a contraction model 
(7), the experimental staircase phenomenon of 
contraction is reconstructed. Recently we are 
trying to establish the balance between the energy 
production and consumption. The major ATP 
usage is by the sarcolemmal Na/K pump, the Ca 
pump on the sarcoplasmic membrane and the 
contraction (actomyosin ATPase). The ATP 
production by oxidative phosphorylation in 
mitochondria is also reconstructed. The model of 
oxidative phosphorylation developed by 
Korzeniewsky was used (8). This model takes into 
account the following 
enzymes/processes/metabolic blocks: substrate 
dehydrogenation, complex I, complex III, 

complex IV (cytochrome c oxidase), proton leak, 
ATP synthase, ATP/ADP carrier, phosphate carrier, 
adenylate kinase, creatine kinase. The time 
variations of the metabolite concentrations that 
constitute independent variables (NADH, 
ubiquinol, reduced form of cytochrome c, O2, 
internal H+, internal ATP, internal Pi, external ATP, 
external ADP, external Pi, external protons, PCr) 
are expressed in the form of a set of ordinary 
differential equations. The tuning of the model 
parameters will be discussed in respect to the 
energy metabolism. 
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