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EFFECT OF RUBIDIUM AND CESIUM IONS ON THE DIMERIC

QUADUPLEX FORMED BY THE OXYTRICHA NOVA TELOMERIC

REPEAT OLIGONUCLEOTIDE d(GGGGTTTTGGGG)
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� The DNA sequence d(GGGGTTTTGGGG) consists of 1.5 units of the repeat in telomeres of
Oxytricha nova. It has been shown by NMR and x-ray crystallographic analysis that it is capable to
form a dimeric quadruplex structure and that a variety of cations, namely K+, Na+, and NH4

+,
are able to interact with this complex with different affinity, leading to complexes characterized by
different local conformations. Thus, in order to improve the knowledge of this kind of molecule, and
in particular to provide further insight into the role of monovalent cations in the G-quadruplex
folding and conformation, we have investigated by 1H-NMR the effect of the addition of Rb+ and
Cs+ to the quadruplex formed by the oligonucleotide d(GGGGTTTTGGGG).

Keywords Quadruplex; DNA; Oxytricha nova; rubidium; cesium

A class of DNA, which has been called G-DNA, contains four guanine
residues aligned with each other in a cyclic fashion to form a tetrad array of
hydrogen-bonded guanines. The interest in this structures has been fueled
by the recognition that telomeres, the 3′ single-stranded guanine-rich over-
hangs found at the termini of chromosomes, may form G-DNA type struc-
tures of potential biological significance.[1,2] In addition to their presence
in telomeres, where they may play a role in maintaining the stability and
integrity of chromosomes, guanine rich regions are also found within re-
combination and mutation hot spots[3−7] and in gene regulatory regions.[8]

Moreover, G-quadruplex has been found even in several aptamers like the
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thrombin binding aptamer (TBA)[9] and oligonucleotides that turned out
to be potent inhibitors of HIV-1 integrase.[10]

G-quadruplexes are stabilized by specific metal ion interactions.[11−13]

In fact the central cavity formed by stacked G-tetrads serves as host to a vari-
ety of cations. The effect of cations like K+, Na+, and NH4

+, on the dimeric
quadruplex formed by the Oxytricha nova telomeric repeat oligonucleotide
d(GGGGTTTTGGGG) has been already reported.[14] In order to improve
the knowledge of this kind of molecule, and in particular to provide fur-
ther insight into the role of monovalent cations in the G-quadruplex folding
and conformation, we have investigated by 1H-NMR the effect of the addi-
tion of Rb+ and Cs+ ions to the quadruplex formed by the oligonucleotide
d(GGGGTTTTGGGG). The solution structure of this oligonucleotide has
been determined by an in-depth NMR study.[15,16] It possesses four G-tetrads
with guanosines that adopt a syn-syn-anti-anti conformation, which results in
a quadruplex of alternative wide, medium, narrow, medium width grooves
between strands, and possessing two TTTT loops across the diagonal at the
edge of the structure (Figure 1).

Here we report the 1H-NMR titration experiments of the quadruplex
[d(GGGGTTTTGGGG)]2 originally containing 50 mM Na+. The titration
profiles with RbCl and CsCl turned to be completely different (Figure
2). The addition of CsCl caused no changes in the chemical shifts of the
oligonucleotide (Figure 2a). The addition of RbCl (Figure 2b) up to a to-
tal concentration of 15 mM did not cause any significant proton spectra

FIGURE 1 Schematic illustration of [d(GGGGTTTTGGGG)]2 quadruplex structure. Strand direction
along each edge of the quadruplex is indicated by arrows. Top view is reported below. Types of grooves
are indicated as narrow (n), medium (m), and wide (w). Strand polarity is indicated by the arrow tails
(crosses) and heads (points) in circles.
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FIGURE 2 Titration (T = 298 K, 400 MHz) with CsCl (a) and RbCl (b) of 1.5 mM solution of
[d(GGGGTTTTGGGG)]2. The CsCl and RbCl millimolar concentrations are shown along the side of
spectra.

change. Surprisingly, at concentration of RbCl above 15 mM, a new set of
proton signals could be observed, whose intensities rose by increasing the
amount of RbCl, with the concomitant falling off of the original signals
which completely disappeared at RbCl concentration of 100 mM. This could
be interpreted assuming that the resonances of the quadruplex gradually
moved from their Na+ to their Rb+ form chemical shift, and that, above
20 mM, Rb+ ions are more affine to the quadruplex formed by the Oxytricha
nova telomeric repeat than the Na+ ions.
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These preliminary results could shed more light to understand the in-
fluence of the monovalent cations on the [d(GGGGTTTTGGGG)]2 quadru-
plex structure and stability. The different affinities of different cations can
be used, in principle, to modulate the structures of aptamers based on the
scaffold possessed by [d(GGGGTTTTGGGG)]2, and/or for the develop-
ment of new structural motif to be used in the natotechnology field.

An NMR study devoted to study the structural changes due to the bind-
ing of Rb+ is currently in progress in our laboratories.
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