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UNUSUAL MONOMOLECULAR DNA QUADRUPLEX STRUCTURES
USING BUNCH-OLIGONUCLEOTIDES

Giorgia Oliviero, Jussara Amato, Nicola Borbone, Aldo Galeone, Michela Varra,
Gennaro Piccialli, and Luciano Mayol - Dipartimento di Chimica delle Sostanze
Naturali, Universita di Napoli Federico II, Napoli, Italy

o The chemical synthesis of several G-rich bunch-oligonucleotides and the structural characterization
of the corresponding monomolecular G-quadruplexes (I-IV) have been reported. The synthetic method
allow the achicvement of monomolecular DNA quadruplex structures having unusual and
predeterminable oligodeoxyribonucleotide (ODN) strand orientation.
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INTRODUCTION

DNA quadruple helices based on G-quartets (G-quadruplexes) have aroused
widespread interest not only for their substantiated presence in many biologically
important regions of the genome but also because such structures form the scaffold
of several aptamers provided with useful biological properties.!' ~* G-quadruplexes
can be classified on the basis of the number of self-associating strands one, two, or
four strand and are further distinguished by the orientation of the strands to each
others (parallel or antiparallel).”]

The monomolecular complexes, largely involved in biomolecular events are,
almost exclusively, of antiparallel type, showing a higher stability than bi- or
tetramolecular counterparts. On the contrary, tetramolecular complexes, whose
formation is characterized by unfavorable kinetic and thermodynamic parameters,
show the four strands in a parallel orientation. Generally, only the quadruplexes
having an adequate stability are suitable for structural investigations.

In this frame the achievement of stable quadruplex models, having prede-
terminable strand orientation or less stable quartets could be useful for biological
and structural studies. The intermolecular formation of parallel structures in vitro is
very slow and may require high ODN concentrations. These unfavorable kinetic
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SCHEME 1 General synthetic procedure for the functionalization of the solid supports 2 and 3 with the bunch-
spacers la or 1b.
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SCHEME 2 Synthetic procedure for the quadruplexes I-IV.
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and thermodynamic parameters could be disadvantageous in view of their potential
therapeutic use.

We recently synthesized a new class of ODNs analogues, which we called
bunch-ODNs,®! capable to form very stable monomolecular G-quadruplex
structures. The structural feature of these analogues is the presence of four ODN
strands whose 3"-ends are linked together by a tetra-branched spacer (bunch-
spacer). Our solid-phase synthetic strategies uses a commercially available
bifunctional linker (1a—b, Scheme 1) having symmetrical or orthogonal protected
alcoholic functions. As solid support we employed the commercially available
CPG-resin 2 or a suitable functionalizated carboxy-TentaGelresin 3 which allow
the release of the bunch-ODNs by mild basic treatment. Using a tailored synthetic
pathway (Scheme 2), which uses nucleotides 3" or 5 phosphoramidite building
blocks, the bunch-quadruplexes d[(TGGGGT)], I-IV having a predetermined
strands orientation, were obtained.

The correct structure of the bunch-ODNs was ascertained by "H NMR and
MALDI data. Furthermore, the structure and the stability of the G-quadruplexes
(I-IV) were investigated by CD thermal denaturation and 'H NMR experiments
at variable temperature. Preliminary results indicate that all bunch-ODNs are
capable to adopt a G-quadruplex structure and that the bunch-spacer leads to a
more stable complex (I) when linked to 3“ODN ends.

REFERENCES

1. Shafer, RH.; Smirnov, I. Biological aspects of DNA/RNA quadruplexes. Biopolymers 2001, 56, 209-227.

2. Arthanari, H.; Bolton, P.H. Functional and dysfunctional roles of quadruplex DNA in cells. Chem. Biol.
2001, &, 221-230.

3. Jing, N.; Marchand, C.; Guan, Y.; Liu, J.; Pallansch, L.; Lackman-Smith, C.; De Clercq, E.; Pommier, Y.
Structure-activity of inhibition of HIV-1 integrase and virus replication by G-quartet oligonucleotides. DNA
Cell Biol. 2001, 20, 499-508.

4. Smirnov, I; Shafer, R.H. Effect of loop sequence and size on DNA aptamer stability. Biochemistry 2000, 39,
1462-1468.

5. Pileur, F.; Andreola, M.-L.; Dausse, E.; Michel, J.; Moreau, S.; Yamada, H.; Gaidamarov, S.A.; Crouch, R]J;
Toulmé, J.J.; Cazenave, C. Selective inhibitory DNA aptamers of the human RNase HI. Nucleic Acids Res.
2003, 37, 5776-5788.

6. Chinnapen, DJ.F.; Sen, D. Hemin-stimulated docking of cytochrome c to a hemin-DNA aptamer complex.
Biochemistry 2002, 47, 5202-5212.

7. Davis, ].T. G-quartets 40 years later: from 5-GMP to molecular biology and supramolecular chemistry. Angew.
Chem., Int. Ed. 2004, 43, 668-698.

8. Oliviero, G.; Borbone, N.; Galeone, A.; Varra, M.; Piccialli, G.; Mayol, L. Synthesis and characterization of a
bunchy oligonucleotide forming a monomolecular parallel quadruplex structure in solution. Tetrahedron Lett.
2004, 45, 4869-4872.



