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Amyloidogenic protein aggregation into fibrils is linked to several neurodegenerative disorders, such as 

Alzheimer’s or Parkinson’s disease [1]. An amyloid specific fluorescent dye thioflavin-T (ThT) is often used to track the 

formation of these fibrils in vitro [2]. Despite its wide application, it is still unknown how many types of ThT binding 

modes to amyloids exist, with multiple studies indicating varying numbers [3,4]. In this work we examine the binding 

of ThT to insulin fibrils generated at pH 2.4 and reveal a possible inner core binding mode which is not accessible to the 

dye molecule after aggregation occurs. 

Insulin fibrils were prepared by incubating 100 or 200 µM insulin solutions (pH 2.4, 100 mM NaCl, 100 mM 

phosphate buffer) with or without additional ThT at 60°C without agitation for 24 hours. For each ThT concentration, 

excitation-emission matrices were scanned and used to determine both the maximum ThT fluorescence intensity and the 

position of the highest intensity peak. Absorbance measurements were used to determine the amount of free and bound 

ThT present in solution after sample centrifugation. 

Insulin fibrils formed with ThT added before aggregation display an additional ThT binding mode, which is not 

accessible to ThT molecules after the fibrils are fully formed. ThT bound in this mode possesses a much higher quantum 

yield (Fig. 1) when compared to other bound dye molecules. 
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Fig. 1. Higher fluorescence quantum yield resulting from an additional ThT binding mode in insulin amyloid 

fibrils, which is only accessible during aggregation. 

 
[1] Knowles, T. P. J.; Vendruscolo, M.; Dobson, C. M. The Amyloid State and Its Association with Protein Misfolding Diseases. Nat. Rev. Mol. Cell 

Biol. 2014, 15 (6), 384–396. 

[2] Xue, C.; Lin, T. Y.; Chang, D.; Guo, Z. Thioflavin T as an Amyloid Dye: Fibril Quantification, Optimal Concentration and Effect on Aggregation. 

R. Soc. Open Sci. 2017, 4 (1), 160696. 
[3] Ivancic, V. A.; Ekanayake, O.; Lazo, N. D. Binding Modes of Thioflavin T on the Surface of Amyloid Fibrils Studied by NMR. ChemPhysChem 

2016, 17 (16), 2461–2464. 

[4] Sidhu, A.; Vaneyck, J.; Blum, C.; Segers-Nolten, I.; Subramaniam, V. Polymorph-Specific Distribution of Binding Sites Determines Thioflavin-T 
Fluorescence Intensity in α-Synuclein Fibrils. Amyloid 2018, 25 (3), 189–196. 

 

 


