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Computational research for cell migration in

multiphysical levels*

Masataka Yamao

Abstract

For understanding developmental processes, how the cell migration behavior
is controlled is critical for understanding developmental processes such as for-
mation of body organs and wiring neural networks. Traditionally, it has been
done by using theoretical analysis of simple model, or static biochemical exper-
iment, but these are not enough for studying dynamic behavior of cells such as
morphodynamic change of cell. Recently, however, drastic increase of calculation
speed of computer and development of live cell imaging technology provide us
to gain more insight into cell morphodynamic behavior. On the other hand, to
use more efficiently these tools, new algorithms or methods are required. In this
thesis, I developed the new method for studying cell migration and provide a new
perspective for cell migration.

First, I focused on how physical properties affect the cell migration in mul-
ticellular system in developmental processes. To this end, I modeled such a
system as simple as possible, and performed simulation. Then, it is shown that
multi-cellular migration mode depends on noise intensities of migratory and non-
migratory cells. To simulate more realistic system, it is necessary to examine
morphodyanimcal system of migratory cell at single cell level. To do this, I de-
veloped the technique to quantify a signal activity from Cdc42 which is monitored
by using FRET technique, and cellular morphological changes. In addition, to

validate the dynamics which I extract, prediction of cell morphological changes is

* Doctoral Dissertation, Department of Bioinformatics and Genomics, Graduate School of In-
formation Science, Nara Institute of Science and Technology, NAIST-IS-DD0861019, February
2, 2012.

il



performed. To combine these results, it is expected that more realistic simulation
of multicellular system such as developmental system will become available in the

future.

Keywords:

cellular migration, biophysics, data analysis, multi-cellular simulation, cell mor-
phology prediction
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