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Cryoprotection of polyampholytes by controlled dehydration using
temperature-variable solid-state NMR.
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Important findings were obtained regarding the elucidation of the mechanism
of the cryoprotective effect of polyampholytes on cells and the cryopreservation of
three-dimensional cellular structures using their action. To elucidate the mechanism, the dynamics
of water molecules, salt molecules and polymer chains in polyampholyte solutions at low temperatures

was investigated using temperature-variable solid-state NMR. It was found that the two main
mechanisms are: osmotic adjustment by confinement of water molecules and salt molecules in the
polymeric matrix formed at low temperatures, which controls cell dehydration; and strong inhibition
of water molecule motility at low temperatures, which prevents the formation of intracellular ice
crystals by extracellular ice crystal stimulation. Using this mechanism, various cells and cell
masses were successfully cryopreserved.
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