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A RELIABLE CONFIRMATION OF THE CHEMICAL STRUCTURE OF SYNTHETIC OLIGONUCLEOTIDES: DETECTION OF ACTIVE PROTONS IN DNA OLIGOMERS BY LOW-TEMPERATURE FT INFRARED SPECTROSCOPY
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Even a superficial review of the recent literature reveals a large number of publications that is devoted to a wide range of oligonucleotide applications from the pharmaceutical industry to nanotechnology. As drugs antisense oligonucleotides are designed to interact with their specific complementary mRNA through Watson-Crick hybridization. The complementarity of single strands pairing (DNA or RNA) is provided by the active protons of the bases, which form hydrogen bonds between the two complementary strands involved. The presence of active protons is likewise very important for the study of oligonucleotide electronic properties in various nanotechnological applications when double strand (ds) DNA is usually formed by mixing stoichiometric quantities of synthetic commercial ss-oligonucleotides or by the co-adsorbtion of the relevant ss-oligomers. 


How reliable are the reported chemical structures of commercially supplied synthetic oligonucleotides?
 The presence of NH(NH2) protons in oligonucleotides is by no means self evident, as our recent observations indicated that commercially produced oligonucleotides do not always contain these critical NH2(NH) protons, probably due to differences in the exact production procedures (synthesis and purification). 

It was found that desalted dimers, trimers and pentamers of cytidine oligonucleotide samples of the same nominal composition, but which had been produced by three different manufacturers, differ significantly in their IR spectra. These data suggest that the presumably identical oligonucleotides are in fact different, at least with respect to the content and nature of their NH2 protons. Approximately half of tested oligo samples did not show IR bands of NH2 groups and thus did not contain amine protons which are so important for pairing.

The new method is based on FTIR study of cooled down to 20K solid oligonucleotides samples in the IR range of the out-of-plane bending (4 NH2 proton mode (1000-400 cm-1). The bands of the latter are broad and practically invisible at room temperature because of the interaction with the intermolecular low frequency deformation modes of the H-bond, which are excited at room temperature. Cooling freezes these deformational modes and suppresses their interactions with the (4 modes. As a result, the (4 spectral maximum shifts to higher frequencies and the observed bands of the (4 modes become several times narrower. This narrowing and the band maximum shift reliably differentiates (4-bands which can be assigned to individual H-bonds of protons belonging to NH and NH2 groups. 

Previous similar FTIR studies of other solid nucleobases and nucleotides show the feasibility of suggested method to study of other oligonucleotide systems. The structural and energetic parameters of H-bonds, which NH and NH2 groups form with neighboring groups, can be also retrieved from the low temperature FTIR spectra.

Reference: M. Rozenberg, G. Shoham, Spectrochim.Acta, A, doi10.1016j.saa.2008.06.042
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