


the phenomenon is entirely reversible upon rehydration.
However, if the DNA is heated, mobility is sufficiently
increased to lead to shifts of one chain with respect to
its complementary chains, with the result that the bases
become ‘out of phase’. At this new stage, two alternative
events may take place upon rehydration. If there are still
one or several spots where the cognate bases are able to
base-pair, the whole double strand reassociates immedi-
ately. If not, the chains separate completely. An alterna-
tive hypothesis has also been proposed by Sharma and
Klibanov (82) to account for lyophilized DNA aggrega-
tion in the presence of moisture. The probability of

separation obviously increases if the fragment size
decreases. Either independently or not of this event,
bases expelled from the double helix might stack
between neighboring non-cognate chains to form small
clusters. If given enough time or accelerated by heating,
the clusters might then expand and become stronger,
creating noncovalent cross-links that lead to irreversible
aggregation.

The same mechanism (van der Waals interactions
involving the bases) may explain DNA denaturation asso-
ciated with irreversible adsorption on solid surfaces upon
drying and even in solution (87–89). While it is clear that

Figure 11. Compilation of quantitative kinetic data from literature and our work. (Left figure) The straight lines are the Arrhenius representations
corresponding to depurination (dep), single-strand breaks (SSB) and 8-oxodG (oxo) formation obtained from our work or from the literature. Some
of them have been truncated. The corresponding Ea (kcalmol�1) are indicated in brackets. The reactions were conducted on samples which were
vacuum-dried (vdr) or in solution (sol) DNA. acorrected to pH 7.4 according to (13); bcorrected for strandness according to (13); capproximate
values; F6, F7 and F10: respectively Figures 6, 7 and 10; dCaCl2 inside a CaCl2- containing dessiccator (ineffective in providing a low RH atmo-
sphere); diamonds: kinetic constants for 8-oxodG formation, numbers refers to Figure 4. Other symbols: single-strand breaking rates. (Right table)
The term nt�1 is used to normalize the rates to one nucleotide to make the reaction rates independent of the size of the molecule. lyo: lyophilized;
U: unknown; vac: sample kept under vacuum; vdr: vacuum-dried; crv: crimped vials; optub: open tubes; cltub: closed tubes; RT: room temperature;
S1, S6: respectively Supplementary Data S1 and S6.
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trehalose inhibits these phenomena, no mechanism for
their inhibition has yet been demonstrated. Trehalose
may act nonexclusively by stabilizing the DNA secondary
structure, diminishing the molecular mobility or prevent-
ing immediate contact either between neighboring double
helices or between DNA chains.

CONCLUSION

This work shows first that atmospheric water and oxygen
are detrimental to DNA preservation at room tempera-
ture. Second, although the experiments were mostly
done in the presence of atmospheric water and oxygen,
it suggests that in the absence of both water and oxygen,
DNA has a very long life time. Third, the DNA secondary
structure is also likely preserved or restored upon

rehydration, except possibly for DNA fragments smaller
than 500 nt. Finally, these findings show that, if protected
from water and oxygen, dehydrated DNA should
maintain its primary and secondary structure for periods

Figure 12. Hyperchromicity as a function of fragment size of
dehydrated and immediately rehydrated DNA. (A) Melting analysis
of vacuum-dried and rehydrated high-molecular-weight or 5-kb
genomic DNA samples. Controls in solution are native or heat
denatured DNA. HMW: high-molecular- weight DNA. (B) Relative
hyperchromicity (A260, denatured–A260, native)/(A260, denatured) of DNA
populations of decreasing fragment sizes before and after vacuum
drying and immediate rehydration (measures done in triplicate).

Figure 13. Evolution of hyperchromicity as a function of size, presence
of trehalose, RH and heating time. (A) evolution of hyperchromicity at
110�C in the absence of trehalose for high-molecular-weight DNA and
0.4-kb fragments. Controls were equilibrated for one night at the tem-
peratures and in the atmospheres used in the experiments. All measures
were done in triplicate. (B) Evolution at 70�C for 0.4-kb fragments in
the presence or absence of trehalose and 28% RH and 75% RH. The
controls were done as in (A). (C) Same as in (B), at 37�C, *average of
only two measures.
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of time beyond the most demanding needs of conserva-
tion, thus validating the possibility of long-term
room-temperature storage.
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