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One-dimensional crystallization of polypeptide chains followed by the formation of highly ordered protein aggregates, so called amyloid fibrils, is currently regarded as a major hallmark of more than 40 severe disorders, including Alzheimer's, Parkinson’s and prion’s diseases, some types of systemic amyloidosis, etc [1]. One of the most effective approaches to detecting the amyloid fibrils is based on the use of specific fluorescent dye Thioflavin T. The main advantages of this dye include dramatic increase of fluorescence intensity and shift of the excitation maximum upon fibril binding. These properties are explained by restriction of the rotation of the benzylamine and benzathiole rings about their common C-C bond in the dye-fibril complex [1].
An interesting feature of amyloid fibrils is their polymorphism, i.e. the ability to form various spatial structures (helical ribbon, twisted ribbon, nanotubes). The particular fibril’s conformation is defined by the parameters such as chirality, electrostatic repulsion, elastic properties and entropy penalty arising from the solvation of the side groups and backbone of polypeptide chain [2]. Оbviously, different polymorphic states may differ in their ability to associate with amyloid markers. Moreover, the  ThT complexation pattern may depend on the topological characteristics(geometry) of a particular polymorph, such as, for instance, the twisting angle of the twisted ribbon. The present study was aimed at elucidating the effect of twisting on the binding of ThT to the model fibrils constructed from the K-peptide (GILQINSRW) that is supposed to represent the core region of lysozyme amyloid fibrils [3].
The model of K-peptide dimer, consisting of two antiparallel beta-strands, was designed using ABALONE and PatchDock. Then, CreateFibril script was used to expand this dimer to fibrils 20 beta-strands long with twisting angles 0, 10, 20, 30, 40 degrees. In order to explore K-peptide-ThT binding, the molecular docking web servers PatchDock and FireDock were used.

It was found that within the construct with zero twisting angle ThT possesses the two preferential binding sites - the grooves lined with GIL and QIN with the binding energies ~ -25 kcal/mol and ~ -21 kcal/mol respectively. Within the twisted polymorphs, with the twisting angles 10, 20, 30 and 40 degrees, ThT molecule prefers the groove QIN, located at the center of beta-sheet where twisted ribbon curvature is minimal. The binding energies range from ~ -22 kcal/mol (twisting angle 10°) to ~ -10 kcal/mol (twisting angle 40°). These findings led us to suppose that the curvature effects play significant role in the determining the mode of ThT interaction with the twisted ribbon structures. To verify this assumption we examined the ThT association with several mutants of K peptide (I6K, I6E, I6L, I6F) where nonpolar isoleucine was substituted with the charged lysine and glutamic acid, another nonpolar residue leucine or aromatic residue phenylalanine. It was found that these mutations do not markedly affect the ThT binding specificity (in the twisted fibrils appeared to accommodate within the central groove with minimal curvature). 
Cumulatively, the results obtained strongly suggest that the specificity of the classical amyloid marker Thioflavin T for the twisted fibril polymorphs is primarily determined by the curvature effects rather than amino acid sequence.
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