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Although the pairing of complementary natural oligonucleotides to form a double helix is a well-studied phenomenon,
relatively little is known about the impact on the conformation
of the double helix induced by small modifications of the
backbone stmcture. This impact is especially interesting when
the backbone modification involves the loss of charge. Nonionic
oligonucleotide analogs are believed t o stand a better chance
of entering cells than their polyanionic counterparts. and they
are being sought as gene-targeted and antisense reagents in many
laboratories.
The dimethylene sulfone unit offers a largely isosteric
replacement of the phosphodiester group in natural nucleic
acids,'.' removing the charge associated with the phosphodiester
without introducing a stereogenic center or undesired reactivity
(Figure 1). W e report here the crystal structure of a WatsonCrick base-paired miniduplex of the guanylyl-(3'.S)-cytidine
ribodinucleotide analog containing this linker.
The structure is remarkable first for its similarities to the
structure of the natural RNA dimer duplex, [r(GpC)]'.4 In the
crystal, two dimethylene sulfone-linked r(Gso?C) dimers form
a fragment of a right-handed double helix with antiparallel
orientation of strands that are related via a crystallographic
twofold rotation axis, as in r[(GpC)]2 (Figure 2). Conformations
around the glycosidic bonds (anti), ribose puckers (C3'-endotype). and all backbone torsion angles (Table I , Figure 3) fall
into the same ranges as those in natural RNA duplexes. Further,
the overall dimensions of the two duplexes (e.g., relative
S(P)..*S(P)-and Cl'..Cl' distances. Table 2) are the same to
within 0.3 A.
Closer examination reveals several noteworthy differences
between the two structures. however. The glycosidic torsion
angles differ by 21" for G residues and by 18" for C residues,
and torsion angles a.6, and E each differ by at least IO" in the
two duplexes (Table I). Although torsion angles 6 and y, in
[r(Gso:C)l2 are within the ranges observed in natural RNA
oligonucleotide duplexes (Figure 3). they are at the extremes
of these ranges.
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Figure 1. Structure of r(Gso,C).

Figure 2. [NGIO~C)]~
viewed normal to the helix a i s (dashed line. a1
and roughly normal to the top base pair (solid bonds, bl. Oxygen
stippled in gray, sulfur stippled in black. carbon drawn with smallest
radii. and hydrogen bonds dotted. Only the major site (occupancy 54%)
of the disordered 3'-terminal oxygen of cytidine is depicted. Single
crystals were grown at room temperature by slow evaporation of a -5
mM (single strand) I:1 H!O/MeOH solution. A crystal (-0.15 x 0.05
x 0.02 mm) was mounted with mother liquor in a g l a capillaty;
~
Space
group is orthorhombic p?i212: cell constan! u = 9.965(8) A. b =
24.527(4) A, c = 14.M7(2) A. V =3580(3) A'. and Z = 4. Data were
collected at room temperature on a four-circle diffractometer (EnrafNonius CAD4. Cu Ka.0-scan. 3024 unique reflections. 755 with F,,
z 3o(FJ). Nominal data resolution is -1.35 A. Intensities were
corrected for Lorentz and polarization effects. but not for absorption.
The structure was solved by direct methods (SHELXS-86I). Missing
fragments were built into the initial structure using graphics. The dimer
was first refined as the phosphodiester compound. Limited data
resolution necessitated restraints (X-PL0R.h standard RNA dictionary).
Electron density maps were generated in the CCP4 suite' and visualized
with CHAIN.* Solvent molecules were added gradually. and the
structure was further refined as the dimethylene sulfone-linked dimer
(SHELXL-939). Hydrogen positions were calculated and included in
the refinement. The final asymmetric unit contained 5 1 heavy atoms.
including eight water molecules and one methanol molecule. resulting
in an R factor of I1.88. Coordinates and displacement parameters will
he deposited with the Cambridge Crystallographic Data Centre
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