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(γ ) 165 and 172°) (Figure 1a for annotations, Figure 4). As
expected for such a simplified backbone, the distances between
intrastrand phosphates are quite short, with an average of 5.4 Å,
compared to around 7 Å for B-DNA and 5.9 Å for A-DNA.

Maybe the most interesting feature of this GNA duplex structure
is the large average slide between neighboring base pairs of 3.4 Å
(Figure 4). This is a consequence of the large backbone-base
inclination, ranging for this duplex from 42 to 50° as compared to
0° for B-DNA but similar to the unnatural hexose nucleic acids.13,14

This inclination results in an almost complete absence of intrastrand
base-base stacking, which is the predominant stacking interaction
in A- and B-form nucleic acids, but extensive interstrand base-base
stackings. In order to compensate for the solvent-exposed base
resulting from the large base pair slide, the CH2 group of the
propylene glycol backbone is participating in packing against
nucleobases of the same strand. Thus, in this simplified GNA double
helix, the backbone is directly involved in hydrophobic interactions
with the π-system, which might contribute to the high duplex
stability of GNA.

In conclusion, the here presented GNA duplex structure reveals
how a minimal nucleic acid backbone can support antiparallel
duplex formation in a Watson-Crick fashion. With its helical ribbon
structure, the GNA double helix differs significantly from the
canonical A- and B-form nucleic acids. Particularly intriguing are
the extensive interstrand base-base stacking interactions and the
participation of the GNA backbone in hydrophobic packing against
nucleobases. Efforts to learn from this structure about the intrinsic
reasons for the high duplex stability are in progress.
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Table 1. Comparison of Average Helical Parameters for GNA,
B-DNA, and A-DNAa

(S)-GNA B-DNA A-DNA

helical sense right right right
residues per turn 16 10 12
helical pitch (Å) 60 34 34
helical rise (Å) 3.8 3.4 2.9
x-displacement (Å) -7.0 0.1 -4.2
tilt (°) 0 -0.1 0.1
roll (°)b -2.8 0.6 8.0
twist (°)b 22.9 36 31
slide (Å)b -3.4 0.2 -1.5
P-P distance (Å)c 5.4 7.0 5.9

a Data for GNA were calculated using the program Curves (ref 12).
Data for B- and A-DNA were taken from refs 10 and 11. b Local base
pair step parameters. c Average intrastrand P-P distances.

Figure 3. Electron density of the H-Cu-H base pair (a) and the terminal
G-C base pair (b). The C1′-C1′ distances are indicated.

Figure 4. Details of the GNA duplex structure. (a) A single GNA octamer
duplex. (b) The backbone conformation with gauche and anti referring to
the torsional angle between C2′-O and C3′-O. (c) Interstrand stacking of
two adjacent base pairs.
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