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Elucidation of the formation mechanisms of intracellular reaction-diffusion waves by using artificial cell

systems

Thesis Summary

In living cells, spatiotemporal patterns of molecules exhibited by reaction-diffusion (RD) waves
regulate the positional information of biological phenomena such as cell division and motility. However, it
is difficult to understand the regulation and formation mechanisms of RD waves in cell-size spaces due
to their nonlinear dynamics under far-from-equilibrium. In this thesis, by using an artificial cell system of
an RD wave (Min wave) consisting of determined factors, the formation mechanisms of intracellular RD
waves were analyzed.

In Chapter 1, the roles of intracellular spatiotemporal patterns and the characteristics of cell-size
spaces were summarized. By comparing with complexity of living cells and theoretical analysis, the
effectiveness of artificial cell systems for understanding the pattern formation mechanisms in cell-size
space was described.

In Chapter 2, the mode selection mechanism between traveling waves and standing waves observed
in intracellular RD waves was investigated. By varying conditions for artificial cell system of Min waves, it
was shown that the dominant Min wave mode changed depending on the concentration of components
of Min waves (MinD and MInE), salt concentration, and temperature. Considering the role of each
parameter on molecular mechanisms of Min waves, it was revealed that the mode of Min waves is
determined by the balance between membrane binding and dissociation of MinD.

In Chapter 3, the regulation mechanism of spatiotemporal characteristics such as the wave width,
wavelength, and velocity of RD waves was examined. Focusing on the regulation by geometry, it was
revealed that spatiotemporal characteristics of single waves were scaled to fit the spatial size in a
smaller closed space. Moreover, based on the findings that Min waves can use not only ATP but also
dATP as an energy source and that Min waves generated by dATP have a shorter period than the case
of using ATP, it was revealed that the period of Min waves can be regulated by the mixing ratio of ATP
and dATP.

In Chapter 4, these results were summarized, and the regulation mechanisms of Min waves in living
cells, general mechanisms of spatiotemporal regulation in cells, and applications to molecular robotics
were discussed.

In summary, this thesis revealed the regulation mechanisms of dynamics and spatiotemporal
characteristics of RD waves in cell-size spaces by using the artificial cell system of the Min wave. The
findings are expected to contribute to understanding the formation mechanism of various intracellular

spatiotemporal patterns other than Min waves and their applications to materials science.
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