Structural analysis of amyloid fibrils
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The function of the protein is in a strong dependence on its structure. Currently, growing number of proteins are known to lose their properties because of the formation highly ordered insoluble aggregates, known as amyloid fibrils. More than 20 human diseases, including Alzheimer’s disease, type 2 diabetes, Parkinson’s disease are considered to be associated with amyloid formation in polypeptides [1, 2]. The crucial step toward understanding of fibrillar toxicity can be done by studying of amyloids’ structure. The amyloid fibrils are interesting not only in the clinical context, but also for their unique mechanical properties comparable to those of steel and dragline silk, and much stronger than those typical of biological filaments such as actin and microtubules [3].
In the present study we focused our efforts on structural investigation of amyloid fibrils and their interaction with model membranes and dyes using fluorescent spectroscopy and small angle X-ray scattering (SAXS).
The first step of the study was aimed at gaining insight into the interactions between globin and insulin fibrils and liposomes of varying composition. In order to estimate the strength of fibril binding to liposomes we measured energy transfer efficiency from tryptophan residues of globin or insulin to anthrylvinyl (AV) fluorophore covalently attached to phosphatidylcholine (PC). Interestingly, the highest transfer efficiency for globin was observed for neutral PC vesicles, moreover, there was no strong correlation between liposomes’ charge and binding rate. This finding is suggestive of the hydrophobic character of interaction between globin fibrils and lipids. Meanwhile, for insulin fibrils the energy transfer was the lowest for the neutral PC liposomes.
The second step of the study was devoted to the comparison of interaction between fibrillar and native forms of globin or insulin and new fluorescent dye ABM. The results of fluorimetric titration were analyzed in terms of the Langmuir adsorption model. It was found that quantitative characteristics of the dye binding to fibrillar type protein aggregates (
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– association constant, α – the difference between molar fluorescences of the bound and free dye) were the same order of magnitude as those known for the other amyloid-specific dyes. This observation opens the wayfor using ABM as amyloid-specific dye.
The knowledge of the mechanism behind the formation of amyloid fibrils is essential for designing the anti-amyloid drugs. To this end, a comparative ThT-based study of the kinetics of insulin (Ins) and lysozyme (HEWL) amyloid formation under conditions of acid denaturation has been undertaken. Our results showed that Ins forms amyloid fibrils easier than HEWL, in accord with the previous studies [4]. Likewise, elevated temperature and the presence of salts seem to reduce the lag phase and accelerate insulin amyloid elongation.
The SAXS technique was employed to determine low-resolution 3D structure of insulin amyloid fibrils. SAXS pattern analysis was interpreted as follows: insulin fibrils have repeating units of 100 nm, presumably turn structure (e.g. consisting of two 50 nm motifs) with the prolate cross-section of dimension 4 nm × 24 nm, composed of six fibrils with 4nm diameter aligned together in a ribbon like manner.
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