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The disaccharide trehalose is believed to play a major role in 4
anhydrobiosid:3 The glass-forming properties of trehalose solutions
under drying condition coupled with the ability of trehalose to form
strong hydrogen bonds with surface groups of biomolecules are
key features that enable trehalose-producing plants and animals to
survive extended periods of dehydratf®@hThese properties have
resulted in trehalose being the focus of many efforts to develop
new methods of preserving proteins and peptid@sProteins
embedded within such matrices show a dramatic reduction in the ¢
amplitude and nature of their conformational fluctuatiénis.In
the case of myoglobin (Mb) and hemoglobin (Hb), the damping of
conformational fluctuations by the glassy matrix is sufficient to
prevent the escape of dissociated heme ligands from the prbtéitf.

As part of an effort to expose the extent to which glassy matrixes
can protect proteins from thermal stress, we embedded derivatives
of horse Mb and human adult hemoglobin (HbA) in trehalose
glasses and followed spectroscopic markers as a function of heating
protocols. In these protocols, samples consisting of a thin layer of
a protein-containing trehalose glass are heated at a fixed temperature
for 15 to 60 min and then examined spectroscopically (visible and
near-IR absorption, CD, front face fluorescence, and in some cases
UV resonance Raman). The spectroscopic studies which are the
focus of a future more detailed account, show that in the glassy T T T
state the protein is protected against thermally induced unfolding 500 600 700
even at temperatures exceeding Y@ Quite unexpectedly, we Wavelength (nm)
observe that when the samples are exposed to temperature$g re 1. Room-temperature absorption spectrum of aquo-metMb in a
approaching 10€C, the optical spectrum of glassy samples of aquo- glucose-doped trehalose glass: (a) Prior to heating, (b) after 15 min of
metMb irreversibly evolved into spectra characteristic of deoxyMb. heating at 75°C, and (c) after 45 min of heating at 7%. Sample
Since trehalose is not a reducing sugar but does often contain tracé’reparation and analysis are described in the Supporting Information.

?AZCI?;S;TSSSB; sr;twe reasoned that glucose, areducing sugar, Wa?’:\pparent at its characteristic position460 nm) for the end-point

To test the hypothesis that the thermally induced reduction is heat-treated species. The intermediate spectrum (b) obtained during

mediated by a reducing-sugar impurity in the trehalose, we repeatedthe heating protocol occurs prlor.to thg appearance.of the depxy
spectrum. The shown spectrum is assigned as a mixture derived

the protocol on glassy samples made from trehalose doped Wlthfrom the initial metMb and a bis-histidine ferric derivative

0, - -
glrlljc;: c-);?a (slgmwﬁef)ﬁc;:eugllclijgrc\);:n?ct)rp:s:jmzelllm‘i)rfjig;da?:c?u?t?otn“ﬂak; (hemichrome). The inclusion of the bis-histidine derivative is based
P y both on the two peaks in the absorption spectruyrB35 nm and

lower temperatures (between 70 and 8D). The addition of ~563 nm), (Figure 1b) which agree with the reported spectrum.

malto_sg, alsoa red_ucing sugar, had a.S‘_“?”ar impact. Figure 1 ShoWsl:igure 2 shows a similar series of spectra for glassy samples of
the visible absorption spectra of the initial glass-embedded aquO- L\ s with Mb. the initial and final spectra (a and ¢, respecively)

met samples of Mb prior to, during, and after the heating protocol. of the glucose-containing sample are clearly attributable, respec-

The initial spectrum, (a), obtained after the formation of the glass, _. S L )
. . . . - tively, to an initial aquo-met derivative and to a final sample that
is essentially the same as that of aquo-metMb in solution. The final . : ) ) .
i . ; .. is predominantly the five-coordinate ferrous form (with some
spectrum (c), obtained after the heating protocol, is characteristic -
remaining aquo-met). In the absence of added glucose, the heat-

of deoxyMb (with a trace amount of the remaining aquo-met treated (75 C) sample of aquo-metHbA yields a spectrum (b) that

derivative). The intense Soret absorption band in the-38M nm . . . . -
. . . is clearly assignable to the hemichrome without any contribution
spectral region similarly reflects these assignments. The weak near-

7 . . . from the five-coordinate ferrous derivative.
IR band IlIl, characteristic of ferrous five-coordinate heme, is also . . .
This heat-induced reduction clearly depends on the amount of
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- protein unfolding. The glassy matrix likely prevents the unfolding
process from proceeding. Together these data indicate that trehalose
glass facilitates the reduction process by providing a more efficient
electron-transfer pathway than is available in solution both by
facilitating the formation of a stable hemichrome at a temperature
where glucose becomes a more potent reducing agent.

c This reduction process has many potential biophysical and
biomedical applications. Autoxidation is a serious problem that
limits the storage time for acellular hemoglobin-based blood
substituteg® The present findings not only support the use of
trehalose to slow autoxidati&hand to limit oxidative damage in
general® but also indicate that it can be used in a process to reverse
autoxidation that has occurred following long periods of storage.
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