FOUR-STRANDED DNA STRUCTURES STABILISED BY MINOR GROOVE TETRADS
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The discovery of a large variety of non-canonical DNA structures has attracted much interest because of their potential biological relevance and therapeutic applications. Particularly, DNA quadruplexes may play important roles in replication, transcription and recombination. In previous studies, we have shown that cyclic octamers can self-associate to form dimeric DNA quadruplexes containing minor groove-aligned tetrads of different types (A:T:A:T, G:C:G:C and G:C:A:T) with four inter-subunit Watson-Crick base pairs. As part of our studies on the requirements for the formation of this unusual DNA motif, we have explored the structure and stability of several linear and cyclic octamers by using NMR and CD spectroscopy.  


We have recently observed, on one hand, that Watson-Crick base pairing is not required for the formation of minor groove tetrads and, on the other hand, that short cyclic oligonucleotides can take advantage of the motif to induce hairpinlike structures in linear DNA fragments. This recognition mode between cyclic and linear oligonucleotides may open the door to targeting biologically important DNA hairpins. 


Nevertheless, if these structures were to occur naturally in cellular processes, linear oligonucleotides should form this motif in solution. To date, it has only been observed in the X-ray crystal structure of the linear heptamer d(GCATGCT). Attempts to observe it in solution with linear oligonucleotides have failed mainly because of competition with other structures. However, a careful choice of the sequence has now allowed the quadruplex motif to be observed for the first time in solution in the structure of the linear octamer d(TGCTTCGT). For comparison reasons, we also present here the solution structure of the cyclic analogue d<pCGCTCCGT>. In both cases, the overall three dimensional structure is very similar to that of the previously reported dimers, but self-association gives rise to a novel minor-groove G:C:C:G tetrad. 
