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Abstract




The use of aptamers (short single strands of DNA or RNA) in therapy, diagnosis and early detection of illness is a challenging field of research. Aptamers are artificially produced, tailored to best fit a specific target, and are a competitive alternative to antibodies. The in vivo procedures to synthetize aptamers are in continuous development, enlarging the scenario of the possible targets and improving the effectiveness of the products. However, as of today, these methods are still quite time consuming and expensive to allow mass production. On the other side, guessing the 3D structure of macromolecules is the task of several computational procedures, which have, over time, refined their predictive power and that can be used to look for the complexes with the highest stability. In the near future, hopefully, the joint use of in vitro and in silico techniques will accelerate and ameliorate the selection procedure. At the moment nor the in vitro neither the insilico procedures are flawless. 





Introduction










The improved knowledge about the etiology of several diseases as well as the discovery of the epidemiologic aspects in the onset of some of them, is changing the approach to cure and prevention. Each disease is seen as a unique phenomenon, to be addressed looking at the personal history and genetic profile of the patient. As a consequence, therapy and prevention are becoming increasingly customized, and cures tend to be minimally invasive. On the other side, effectiveness has to be preserved, and to this aim, research mimics Nature. For example, immunotherapy, aims to contrast cancer by inducing an immune response against upregulated cells. In this regard, the design and production of new antibodies and aptamers for targeted therapies is the focus of many researches. Several monoclonal antibodies have been approved [1], while other are under clinical trials, despite the occurrence of quite severe side effects, like auto-inflammatory immune response, that can reduce the effectiveness of the treatment. Aptamers, like monoclonal antibodies, are synthetized to perfectly fit a specific target. Their selectivity, low size, short half-life, low immunogenicity, high specificity, and low production costs make them formidable competitors of antibodies in both diagnosis and therapy [2].



The production of aptamers started in 1990 [3], by means of the innovative SELEX technique, which is still in use both in the original version and also in several other updates [4]. It uses wide libraries of sequences to select, after several steps of severe selections, those with the highest affinity for the selected targets. With a conceptually similar procedure, ad hoc developed computer codes guess the possible shapes of several aptamer sequences and identify those with the highest affinity for the selected target [5]. The structure selection develops a multistep procedure that creates a pool of possible initial sequences, then samples the conformational space, producing the 3D shapes which are expected to be the most biologically relevant. Docking software select the best binding between a pair of macromolecules, using rigid or flexible roto-translations. The results are ranked according to the interaction energies between the two molecules, the desolvation and solvation energies associated with the interacting molecules, the entropic factors that occur upon binding [6].



A Case Study: Aptamer-Angiopoietin Complexes



In cancer therapy the role of angiopoietins in early detection is well established. As a matter of facts, both angiopoietin-1 (Ang1) and angiopoietin-2 (Ang2), and their natural receptors, Tie1, Tie2 appear as overexpressed in the presence of specific tumors [7] or blood diseases [8]. Angiopoietin-specific aptamers were selected both in vivo and in silico [9], although the in-silico predictions did not completely match with experimental data. In a recent paper a numerical investigation was used to predict the structure of 5 different aptamers [10] when complexed with Ang2. One of these sequences is Ang1-specific and used as a benchmark. 






The configurations of the complexes were obtained by using free software and ranked on the basis of an indicator which considers both the configurational and also the binding energy. This indicator was called effective affinity (EA). The procedure proposes hundreds of configurations for each sequence, whose mean properties were analyzed by using a complex network approach called Proteotronics [11,12]. In a nutshell, each complex was mapped into an impedance network whose topological and electrical features were used to produce an alternate ranking based on a novel indicator, Mobius (M) [13]. The mean features of each aptamer were in reasonable agreement with experimental data.9 However, after a deeper investigation, it clearly appeared that the samples given by the numerical procedure were not homogeneous. In particular, we found that the set of configurations produced for each aptamer was divided into two different types of conformers. In the conformer called hair, the aptamer is located on the head of the protein, in the other, called belt, the aptamer embraces the protein. Hair conformer reproduces the natural Ang2-Tie2 binding, while belt conformer suggests a new kind of binding. Both these conformers may result in high values of the effective affinity, because both correspond to complexes in which the aptamer and the target are very close to each other. In order to investigate the significance of the belt conformer, both EA and M indicators were used to perform a different scoring of the sequences [13]. The aptamer which is, in vivo, the best performing showed a prevalence of hair conformers among the highest score configurations, while a prevalence of belt conformers was detected among the highest score configurations of the aptamer which is, in vivo, the worst performing. The aptamers which are mutant sequences have not a specific characterization in terms of hair or belt conformers.



These results suggest different possible interpretations. For example, both the conformers can appear in real samples, although with different dissociation constants. In such a way, the relative abundance of hair/belt conformers in the pool of sequences representing each aptamer can be considered a measure of the complex stability. On the other hand, it has to be highlighted that the docking was performed by using the available Ang-2 crystallographic data, which refer, at the moment, to only a fragment of the protein. The protein works in vivo as a dimer, therefore a part of the surface which in simulations is assumed to be available for binding could, actually, be occupied by the other monomer. This makes the comparison between numerical simulations and experimental data quite questionable.



Conclusion



In silico docking is a powerful technique for the selection of aptamers with high affinity for an assigned target. Computational methods are becoming more and more rapid and effective, although a reliable ranking of their products, often several tens, still remains a challenging problem. In a recent investigation, we have shown that the introduction of a novel kind of scoring is necessary, especially when the software is unable to discriminate between quite different types of conformers, say, belt and hair. The present research opens the door to different conclusions. On one hand, both the conformers can be found in vivo, with different half-lives; the relative abundancies of the two conformers determines the stability of a real sample. On the other hand, it has to be emphasized that some of the belt conformers could not be realistic structures, since the aptamer occupies a part of protein surface which is not really available. Finally, an insilico investigation can be used, at present, only as a guide and an initial screening for the selection of high affinity aptamers, while crystallographic investigation still remains mandatory. To progress, it is necessary to gain more complete information about the target, so as design new indicators useful to ascertain the quality of the results.
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