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Water molecules surround the genetic material DNA in a
very specific way. Scientists at the Helmholtz-Zentrum
Dresden-Rossendorf (HZDR) have discovered that, on the
one hand, the texture of this hydration shell depends on the
water content and, on the other hand, actually influences the
structure of the genetic substance itself. These findings are
not only important in understanding the biological function
of DNA; they could also be used for the construction of new
DNA-based materials.
The DNA’s double helix never occurs in isolation; instead,
its entire surface is always covered by water molecules
which attach themselves with the help of hydrogen bonds.
But the DNA does not bind all molecules the same way.
"We’ve been able to verify that some of the water is bound The DNA molecule is
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differences are adjusted and all hydrogen bonds become
equally strong. This, in turn, changes the geometry of the DNA strand: The backbone of the
double helix, which consists of sugar and phosphate groups, bends slightly. "The precise
DNA structure depends on the specific amount of water surrounding the molecule,"
summarizes Dr. Fahmy.
Analyses of the genetic material were conducted at the HZDR by the doctoral candidate
Hassan Khesbak. The DNA, which came from salmon testes, was initially prepared in thin
films and then wetted with ultrafine doses of water within a few seconds. With the help of
infrared spectroscopy, Hassan Khesbak was able to verify that the strength of hydrogen bonds
varies and that water molecules exhibit different rest periods in such configurations.

Image of a water molecules composed of 2 hydrogen
atoms and 1 oxygen atom. Water molecules are polar,
resulting in a partial negative charge near the oxygen atom
and partial positive charges near the hydrogen atoms. This
uneven distribution of charge causes water molecules to
attract one another – forming the ‘hydogen bond’ shown
above. Hydrogen bonds are what give water unique
properties that are ultimately essential for water’s role in
making life on Earth possible. Credit: University of
Arizona

Oscillations of the water bonds in the hydration shell of the double helix can be excited by
infrared light. The higher the frequency of the oscillation, the looser the hydrogen bond. It
became apparent that the sugar components and the base pairs create particularly strong
bonds with the water sheath while the bonds between the water and the phosphate groups are
weaker. The results were published just recently in the professional magazine Journal of the
American Chemical Society (doi: 10.1021/ja108863v).
"DNA is, thus, a responsive material," explains Karim Fahmy. "By this, we refer to materials
which react dynamically to varying conditions. The double helix structure, the strength of the
hydrogen bonds, and even the DNA volume tend to change with higher water contents."
Already today, genetic material is an extraordinarily versatile and interesting molecule for socalled DNA nanotechnology. Because with DNA it is possible to realize highly ordered
structures with new optical, electronic, and mechanical properties at tiny dimensions which
are also of interest for the HZDR. The bound water sheath is not just an integral part of such
structures. It can also assume a precise switching function because the results indicate that
increasing the hydration shell by only two water molecules per phosphate group may cause
the DNA structure to "fold" instantly. Such water dependent switching processes might be
able to control, for example, the release of active agents from DNA-based materials.
It does not come as a complete surprise that the water sheath of the genetic material is also of
great relevance to the natural biological function of DNA. Because every biomolecule which
is bound to the DNA has to first displace the water sheath. The Dresden scientists have
analyzed this process for the peptide indolicidin. This antimicrobial protein is less structured
and very flexible. That it still "identifies" the double helix so precisely is due to the fact that
highly structured water molecules are released when it coalesces with the genetic material.
The water sheath’s restructuring, which is actually an energetic advantage, increases the
binding of the active agent. Such details are really important for the development of DNAbinding drugs, for example, in cancer therapy because they can be ascertained with the
method developed at the HZDR.
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