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Abstract : Understanding the essence of life systems is one of the most important
issues in science. Although our understanding of the molecular basis of life
systems has dramatically increased, the whole picture of life systems as
autonomous integrated molecular systems has not been revealed yet. Recently,
artificial cell systems as simplified models of natural living cells have been
proposed. The artificial cell systems have helped us to characterize life systems
as autonomous integrated molecular systems [1]. However, most of proposed
artificial cell systems have limitations caused by the difficulty in controlling
nonequilibrium conditions in cell-sized systems. It is required to develop
experimental methods to control nonequilibrium conditions in cell-sized systems
by realizing sustained matter and energy flows into/out of cell-sized systems.
In this presentation, we introduce some challenges to the construction of artificial
cell models as micrometer-scaled nonequilibrium dynamic systems: (i) a novel
method for artificial cell study based on picoliter-sized (cell-sized) water-in-oil
(W/O) microdroplets, named Cell-sized continuous-flow stirred-tank reactor
("Cell-sized CSTR"), which realizes nonequilibrium chemically open systems for artificial cell models [2]; (ii)
aspontaneous limit cycle rotary motion of micrometer-sized objects in a stationary electric field [3]; (iii) autonomous
DNA/RNA molecular computing systems [4]. We believe that these challenges will promote the construction of
nonequilibrium artificial cells in future.
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