True Cell Simulations Inc.

cell blog

Jan./8/2025, Kazuhisa Ichikawa

8. Genesis of cell simulation
— a first person perspective —

Fig.1 shows growth of yearly publication numbers since 1950 by searching PubMed with keywords
“cell AND simulation”. PubMed is accumulating publications both anterogradely and retrogradely.
The oldest paper fond in PubMed was published in 1898 (not included in Fig.1). This paper, however,
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Fig.1 Yearly number of papers in PubMed by keywords “cell AND simulation”. As of Dec./11/2024.

was not on cell simulations but on pathology by pathogenic yeasts (I don’t know why this paper was
included in the search results). The oldest paper I have read on the cell simulation was published in
1965 (Goodwin, B.C., Adv.Enzyme Regul., 1965), which showed a possible mechanism of oscillation
in gene expression using an analog computer®!. At that time, digital computers existed, but analog
computers were still used. Although the basic mechanism proposed by Goodwin is still true at present,

his research is ignored and not referred, which is sad to me.

*1 You will find information on analog computer on the net. Its mechanism is completely different from digital computer, and it is not used at present.

When we look at Fig.1 carefully, the first increase in the number of publications on cell simulation
is seen around 1975 (left red arrow), which is followed by second explosive increase around 2000 (right
red arrow). One may recognize cell simulation as pathway simulation at present. However, pathway
simulation was preceded by electro-physiological nerve simulation based on studies by Hodgkin, A.L.
and Huxley, A.F. (Nobel Prize in Physiology or Medicine, 1963). They investigated nervous signal
transmission in squid giant axons and summarized its mechanism in multiple differential equations.

When I started simulation study on intracellular signal transmission, biochemical reaction chains in
energy metabolism including glycolysis and TCA cycle were well documented. However, 1 was
interested in the intracellular signal transmission triggered by external stimulus such as postsynaptic
signal transmission by released transmitter molecules. But they were far less documented, and
difficulties in advancing cell simulation study on this topic were easily recognized. Photoreceptor cells,
on the other hand, seemed not to be the case, because input to them is controlled by light stimuli. This
would be of great help for accumulating experimental data. As expected, soon data usable for simulation
began to be accumulated. Before this accumulation, I published a mathematical model paper in 1985
(Ichikawa, K., Neurosci.Res., 1985). However, Prof. K. Hara (Biol.Cyber, 1975), Dr. S. Yamane
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(Biol.Cyber, 1976), and Prof. S. Hemila (J.Physiol., 1977)*? published papers on photoreceptor cells

by electrophysiological model and/or simplified reaction model under limited experimental data.

*2  ImetProf. Hemila at an international symposium held in Mt. Hiei, Japan, 1988. It was my great memory to have a nice communication
in an excursion bus visiting Kyoto city.

My first pathway model for a photoreceptor cell contained 35 differential equations and 9 equations
(Ichikawa, K., Neurosci.Res., 1994). At that time, I was using a hand-made PC*3 (Photo.1). It took 1
week to numerically integrate 2 sec-events in a photoreceptor cell after flash stimulus. It is less than 1

sec by the present PC. Performance of computing has tremendously enhanced, and is enhancing.

*3  We could use mainframe computers. However, its usability was low because it was shared by many researchers. Shared usage is not
suitable for trial-error style research with frequent change in models and programs. This situation seems also be true at present. Recent
PCs have considerable calculation power with parallel computing capability.

We need a software for the modeling and simulation. But I couldn’t find it suitable for cell
simulations. Then, I developed a hand-made software. In the first version, which was used from 1980s
to early 1990s, biochemical reactions should be converted to differential equations manually, and we
typed a set of converted differential equations into a computer. This could cause an error. Once |
realized a small mistake after a paper publication. It was my nightmare. Soon after that, I started
developing A-Cell software that enabled us to create structured biochemical reaction model graphically,
convert them to multiple differential equations, and generate simulation program automatically.
Development of A-Cell was finished in late 1990s and published (Ichikawa, K., Bioinformatics, 2001).
Since then, we are free from mistake-leading conversion from biochemical reactions to differential
equations. This enabled us to concentrate on the molecular cell biological study. We can use any
software for pathway simulation including A-Cell. However, choosing one that offers graphical user
interface, automatic conversion to differential equations, and automatic generation/running of
simulation program is essential for elucidating intracellular mechanisms. A-Cell offers all these.

When I started cell simulation study, my teacher Prof. Toru Yoshizawa of Kyoto University
encouraged me by pointing that “For cell simulation study, predicting something is essential”. This
must be his insight that “Prediction by simulation triggers experiment, results from experiments
triggers simulation, and this circulation accelerates molecular cell biology”. To advance cell simulation
study further, accumulation of model assets in reuseable format is essential, which will require

worldwide collaboration of researchers.

Why I started cell simulation? : Around 1981, one of my
colleagues invited me to build a PCby inserting ICs into a printed
circuit board and soldering them**. First, I used it as a word
processor and a DB manager of publications by hand-made

software. But soon I realized it could run simulations of

biochemical reactions in a cell. Since then, I have been captivated

Photol Hand-made PC used for cell simulations

by cell simulations. ! c
in my earliest research.

*4 It seems impossible at present to build a PC by soldering ICs.



