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This thesis analyzes and discusses principles of reaction networks for biological
functions in unicellular and multicellular organisms with theories and computer
simulations. Biological systems form complicated reaction networks which exert
functions for the survival of organisms. How the reaction networks are controlled is an
important question for understanding these functions.

Throughout this thesis, spatial and/or stochastic biochemical processes are focused
to answer the question, based on two physiochemical facts: 1) biochemical reactions are
spatially taking place from local to global area, and 2) reactions are inevitably stochastic
if the copy number of each molecular species is low. How do the spatiality and
stochasticity contribute into biological functions? Three functions are studied for
examining those effects on each function.

First, a potential problem of entangled information in a second-messenger
transduction is examined. To clarify a spatial regulation, a spatial model of calcium
signaling during the induction of synaptic plasticity was constructed. Computer
simulations revealed that local and global calcium signaling distinguishably behave, that
local signaling prevents the entangled information processing.

Second, spontaneous cellular migration, which is regulated by spontaneously
generated signals in intracellular reactions, is addressed. To examine the mechanisms
that generate the spontaneous signals and how they contribute to gradient sensing
during chemotaxis, a simple biophysical model of intracellular signal transduction was
constructed. A theoretical analysis revealed that the spontaneous signal generation is

occurred by a noise-induced excitation emerging from the non-linear dynamics and



stochasticity of the signal transduction, and that gradient sensing is efficiently achieved
by preferential generation of the spontaneous signals on the side of the cell exposed to
the higher chemical concentration.

Finally, preciseness of an embryonic pattern formation that is consisting of noisy
cellular elements due to the reaction stochasticity, using an example of a vertebrate
somitogenesis, is addressed. To examine the mechanism by which a somite is precisely
formed, I constructed a cellular population model of somitogenesis. Using a bifurcation
diagram, it was theoretically showed that a somite is segmented by a bistable

intracellular reactions and a segmentation clock.
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