A diffusion equation about the signal transmission in the cell

The stimulation from the cell outside for the cell phosphorylates protein in the cell
through a receptor on the cell membrane like a chain reaction or dephosphorylate it,
and 1t is transmitted to a nucleus, and cause gene expression by activating

a genetic transcriptional regulator. In this way, the phosphorylation of the protein

in the cell and nucleus from the cell membrane top is one of the important mechanism
of the signal transmission to participate in the adjustment of various kinds of cell
functions. Here, the simplified model about the distribution of the space in the cell

of phosphorylated protein in the cell which Kholodenko took away will be introduced.
There is the kinase which is phosphoenzyme of the protein in a cell membrane and
thinks about the case that phosphatase performing de-phosphoric acid (phosphoric acid
removal reaction) is distributed over in cytoplasm uniformly.

Kinase and the protein do an enzyme ground substance the Michaels-Menten type
reaction with targeted protain phosphorylated or not phosphorylated.

Sphere cell form is assumed and think about (when density of material distribution is
ball symmetry) when a mass transportation (phosphoprotein) in the cell occurs only in
the radial direction (r direction) of the ball. A change of p(r,t), the density of
phosphoprotein spreading from a cell membrane,in space r and time t is modeled by the
next reaction diffusion equation, where r is a position in the cell (r is normalized by the
radius of the cell and r=0 express center point of the sphere cell, r =1 express a cell

membrane r =0).
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Here, L is a radius of the sphere cell, D is a diffusivity of protein in the cell which has
the same value for both phosphorylated and not phosphorylated protain. Right side
Clause 1 of the expression (1) expresses diffusion of phosphorylated protein. Clause 2
expresses decrease speed of phosphorylated protein by phosphatase in the cell and the
dephosphorylation by the reaction of the protein phosphorylated. Boundary

condition-type (2) shows cell and protein react and phosphorylated protein is generated



at the speed of
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in right under cell membrane (r =1) . In addition, the boundary condition-type (3) shows
the concentration gradient of protein phosphorylated is zero in the center point (r=0)

by symmetricalness of the shape.
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