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Amorphous Stability and
Trehalose

The feature Frontiers in Materials Science
(31 Mar., pp. 1918-1953) focusing on glass-
es and amorphous materials was informa-
tive. The News article by Karen Celia Fox,
“Putting proteins under glass” (p. 1922),
however, does not specify that the glassy
state in Sea Monkeys or brine shrimps and
many other such organisms is formed by a
particular sugar, the simple disaccharide tre-
halose (a-D-glucopyranosyl a-D-glucopyr-
anose) (1). Consistent with this observa-
tion, trehalose shows properties superior to
those of other sugars in the stabilization of
proteins and, in particular, during the long-
term or high-temperature storage of dried
formulations (2, 3). For example, restric-
tion enzymes dried in trehalose can be
stored for months at 70°C with no detect-
able loss of activity (3). Finally, the efficacy

of trehalose probably results from a combi-
nation of three properties, namely, the na-
ture of glass formed (the glass transition tem-
perature, T,, for trehalose is 110°C), water
replacement (greater flexibility because of
the lack of direct hydrogen bonds between
the two rings), and its chemical stability and
inertness (4). The latter is a particularly
important consideration in the use of glasses
for stabilizing protein, as the poorly appreci-
ated reactivity of reducing sugars with pro-
teins, also known as the Maillard reaction, is
accelerated both by the removal of water and
at low water activities (4, 5).
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