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Summary

The denaturation by freeze-drying of some enzyme proteins, such as catalase and
myosin, was protected by the addition of sugars or amino acids. The role of these
additives was investigated by the measurement of residual water content and the extent
of the strength of interaction between protein and residual hydration water in freeze-
dried egg albumin, as a representative protein, with and without some additives. The
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latter measurement was made by the determination of the temperature (Tmax) to liberate
residual water molecule from freeze-dried protein during heating by thermal analysis.

As the additive concentration of sugars or amino acids in freeze-dried protein
increased, the value of T increased and the water content decreased. The water
content reached to minimum value at 0.1 M of additive concentration and then increased.
At this concentration, the effective additives decreased water content and increased the
value of Tmax depending on the protective ability. Non-effective additives, such as urea
and inorganic salts, showed opposit effects.

In the concentration of additives showing minimum water content, the mole ratio
of additives per polar amino acids residues of albumin was 0.21. This value well agreed
with the mole ratio of effective additives per polar amino acids residues in minimum
effective concentration for protection of catalase and myosin against denaturation by
freeze-drying.

From these results, it is reasonable to consider that effective protective additives
substitute for some of hydration water in protein molecule and strengthen the interac-
tion between protein molecule and residual water molecule.



