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5. How to start cell simulations

The words “cell simulation” is known. However, one may have no vivid image on it. One may feel
difficulties and uncertainties: What's the first step; studying it seems to be not easy; cell simulation
software is not known; and reward from cell simulation is not clear. Offering understandable and
convincing answers to these questions is my long-term challenge. The last issue (reward) was partly
addressed in Cell Blog No.4. Here, I am trying to answer some of remaining,.

There are many types of cell simulations including, pathway simulation in which protein-protein
interactions are expressed as chemical reactions, 4D (x,y,z,t) simulation in which pathway simulation
is run in 3D intracellular space, a simulation of cellular morphological change, stochastic particle
simulation in which protein molecules are assumed to be randomly-walking particles colliding each
other. Here, we focus on pathway simulation as the basis for all of above simulations.

It is well known that chemical reactions are convertible to differential equations. This conversion
enables us to calculate temporal change of protein concentrations by numerically integrating
differential equations on a computer. Several numerical integration methods are known with satisfying
speed and accuracy*!. A-Cell*? is a cell simulation software offering users automatic conversions of
pathway — differential equations — simulation program, and automatic running of simulation. By
using A-Cell, one can devote in the construction of pathway models. Thus, A-Cell solves several

problems above.

*1 Newton’s method is used, in which a value after a small-time step At is calculated based on the previous value. Before Newton,
Aristotle said that “time is the number of changes in motion”. The basic concept of Newton’s method is the same as the view by
Avristotle. I find historical continuity of knowledge.

*2 A-Cell was developed and is offered by True Cell Simulations Inc. One finds its information in “A-Cell” menu on https://engl.tc-
simulations.com/ together with many documents.

Followings are standard steps of cell simulations using A-Cell. Here, I discriminate outlined pathway
in which proteins are connected in sequence of signal transduction and detailed pathway in which

pathway is drawn in chains of biochemical reactions*3.

*3  Majorities seen on the web and/or summary drawings in scientific reports are outlined pathways, which cannot directly be used
in simulations. I don’t use a word PPI (protein-protein interaction) here.

0. For beginners : Begin with simple reactions such as 1* order, 2™ order, equilibrium, consecutive,
loop, and Michaelis-Menten type enzymatic reactions. One may know all of these. But knowing
and doing are two different things. One can acquire basic behavior of pathways by running
simulations with changing parameters. It is important to predict results before running simulations.
This experience is quite helpful for much complicated and complex realistic pathway simulations.

1. The first step : If one knows pathways to be constructed, draw outlined pathways based on one’s
knowledge together with speculations. If one has no idea about the pathway, draw it by combining
steps 1 and 2 next. Pathways on the web or those on experimental papers are helpful. But is should
be noted that these are often oversimplified, which are not suitable directly to scientific simulations.

2. Finalize outlined pathways by exploring data : Find every data for target pathway by PubMed
search. Search keywords are not too specific nor general. One may search pathway DBs on the
web. However, it should carefully be checked whether the pathway found in a DB is suitable

enough for your objective.
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During a course of search and find, update an outlined pathway constructed in step 1, and verify
omissions/misunderstandings. One may find pathways contradictory with each other. In this case,
one is required to select one of them based on validity and/or differences by species. Important
here is to make reasons clear for the selection, and save them as notes, which will be helpful for the
future (e.g. for reply letter to editors and/or modifications by yourself).

3. Draw detailed pathway : The next step is to draw detailed pathways, which are expressed by chains
of biochemical reactions. One can draw these directly on a A-Cell window. The important here is
to draw pathways by a set of several groups. Each group contains reactions of related functions.
For example, activation pathway of an enzyme may be a group, and pathway effecting to other
proteins by the activated enzyme may be another group. This grouping gives us a clear view on the
model and in addition ease of later analyses. The same protein in the different groups is collected
together into a single differential equation automatically by A-Cell.

4. Define parameter values : It is still asked “Since every parameter value is not known, simulations
cannot be run”. This is not true, because we can find parameter values with fairly high probability
by searching PubMed. But it depends on journals. If a value is not found in literatures, we may
estimate them by experimental results in literatures or by yourself. In addition, recent advances in
technologies for biological sciences enabled us to estimate parameter values by novel methods
unexpected before. It is important to hold memos on how parameter values were obtained. This
will be helpful for later modifications.

5. Run simulations : This is the easiest step among 0.-6, if one use A-Cell. This is accomplished only
by pushing buttons on A-Cell. Differential equations and a simulation program are generated
automatically from constructed pathways, a generated simulation program is automatically
compiled, and execution of simulation automatically started.

6. Analyze simulation results : Display simulation results obtained in step 5. graphically on A-Cell
window. If one need further analyses, simulated data are exported from A-Cell, and will be
imported to a software dedicated to numerical analyses. Compare simulation results with
experimental ones. It should be noted, however, that we cannot always get good correlation
between simulation and experimental results. A model for a simulation and/or biological

experiments can be wrong.

An important tip in simulations is that one should not run simulations after completion of detailed
pathways. One should go forward step by step by running simulations for one or several groups in a
pathway. A capability of grouped pathway construction of A-Cell is quite helpful here.

You may find nothing special for starting cell simulations described in this blog. Start cell simulation
now by free A-Cell**. T am sure that you find something new and valuable.

*4  Contact through “A-Cell” menu on the home page of True Cell Simulations Inc. (https://engl.tc-simulations.com/).



