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Abstract

Freezing is initiated by generation of numerous embryo ice crystals in water,
which grow and merge together to form their multicrystaline state, the ordinary
ice block. Antifreeze protein (AFP) is capable of binding to these ice crystals to
inhibit their growth, and disturbs such general ice formation. This mechanism is
expected to solve many technical problems with regard to the frozen storage of
water-containing materials, such as foods and tissues. The fish-derived AFP can
also bind to the lipid bilayer to prolong the lifetime of a cell, which is applicable
to the short-term hypothermic cell preservation. Natural fish AFP is a mixture of
2-13 isoforms that function together far more effectively than any single isoform.
We have been therefore trying to develop mass preparation method of natural
fish AFP (the mixture), and now AFPI, AFPIIl, and AFGP samples are available
from NICHIREI CORPORATION, Japan (E-mail to s.tsuda@aist.go.jp or directly
to N1000X016@nichirei.co.jp). Each AFP sample is highly purified (>95%) and
contains neither cations nor buffer detergents. The samples are also sterilized
using 0.22 um syringe filter, so that directly applicable to any kind of experiment
including medical tests. AFPII sample will also be released soon.
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solubility, and ther maximum
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5.0°C, respectively. They are
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Functions

A single ice crystal consists of water molecules in a hexagonal arrangement, while in solution it forms a disk-like
shape (A-i). In AFP solutions, ice crystal growth is only allowed between the bound AFPs (A-ii) according to the
Gibbs-Thomson effect. The resultant convex ice front sandwiched between the AFPs is terminated its growth to
form a flat, AFP-accumulated surface (A-iii). This process transfers the disk-shaped ice crystal into a hexagonal
plate, and allows generation of a new disk on that plate through a mechanism of 2D-nucleation. Repeated AFP
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binding and new disk generation causes successive stacking of smaller hexagonal ice plates in the direction of the
c-axis (A-iV&V), forming a hexagonal bipyramid (A-Vi) onto which millions of AFPs are adsorbed. This unique ice
crystal is further modified into its derivative forms such as the hexagonal trapezohedron (A-Vii) or the lemon-like
shape (A-Viii). The ice hexagonal plate remains unchanged and is not modified into a bipyramid when AFP con- B
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(E). That is, AFP should be able to freeze and preserve the water-containing materials by filling their inside with nu- ' O
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merous tiny ice crystals. This can be realized with a home freezer (-20 degC) without LN2 nor deep freezer. o0
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gating ice crystals, extremely sharpened and uniformly

aligned ice needles are created in the frozen gel. After
sintering it at 1,000°C, a ceramic material containing uni-
directionally-aligned dendritic pores was created.




