Purpose of the visit 

Many proteins are able to form aggregates under the appropriate conditions. Several important diseases such as Alzheimer’s, Parkinson’s, Haemodialysis related amyloidosis, etc are related to the formation of protein aggregates. Fibrillation of amyloidogenic proteins is a nucleation process with a lag phase corresponding to the time required to form the critical nuclei. After nucleation, elongation step occurs. Several reports suggest that the most noxious aggregated form is small oligomers rather than long fibrils. This process has previously been studied by means of Fluorescence Correlation spectroscopy. In this project, the aim is to use this technique to analyze the effect of nanoparticles on the fibrillation process of the Alzheimer’s related protein, Amyloid β. Previous results show that, for example, both co-polymeric and polystyrene nanoparticles can greatly alter the formation of fibrils in different ways, but little can be obtained regarding the precise mechanism of interaction. FCS is a powerful tool that could help to understand the evolution from monomers to fibrils in presence of particles. The possibility of using different fluorescent labels for both the fibrils and nanoparticles would, in principle, allow us to analyze the cross correlation function and therefore interpret results in terms of co-localization, i.e., study the binding of the different aggregated states of protein o the surface of the particles

The short visit motivation is to build on the last one in establishing the framework and experimental conditions to perform future experiments regarding this project.

Description of the work carried out during the visit 

In order to establish the best experimental conditions and for future experimental planning, we focus our experiments in the fibrillation of beta amyloid protein 1-40 and the effect that Dark Red fluorescence polystyrene particles have in the aggregation process of this protein. 

In order to observe the protein aggregates, a dye specific for amyloid aggregates is used. Thioflavin T (ThT) binds specifically to amyloid aggregates and its emission wavelength changes after this binding. ThT has an emission band located at 455 nm when bound to protein aggregates. When free, the emission band is shifted towards shorter wavelengths.

The Polystyrene nanoparticles used have a nominal size of 40 nm and are loaded with a dark red dye with emission wavelength 630 nm.

Each experiment was analyzed using two different microscope channels, one at 458 nm that corresponds to the emission signal of the Thioflavin T dye and other at 633 nm that corresponds to the emission of the fluorescence nanoparticles.

The fibrillation process was followed from time zero until completion at 8 hours (with agitation and incubation of the system at 37°C) both in the presence and absence of nanoparticles across both microscope channels. 
Description of the main results obtained. 
The fibrillation process of amyloid beta protein was followed from time zero – amyloid β monomers – though to the completion of the fibrillation process, both in the presence and absence of fluorescently labelled polystyrene nanoparticles and with the aid of the fibril-specific ThT dye and analyzed using Fluorescence correlation spectroscopy. It was seen that, although the ThT is suitable for use in FCS in allowing us to monitor progressive growth for the late stages, the all important early nucleation events remain elusive due to the inability of ThT to bind to monomeric Aβ.
FCS was also used to examine the effect of nanoparticles added to the protein system at each time point after the protein had been allowed to incubate to that time in the absence of nanoparticles. The particles appear to quench late stage fibrils but in the absence of cross-correlation it is impossible to determine the exact events at this stage. ThT is unsuitable for cross correlation measurements and a dye that emits at a longer wavelength must be sought for this. Again, the effect of early stage events remain unclear in this instance via the use of this dye
Future Collaboration with Host Institution 

a) Improve nanoparticle dispersion and reduce particle size

b) Modify the experimental plan to use antibody detection with a dye that emits at the correct wavelength to perform cross correlation experiments.

c) Greater analysis of the fibrillation curve using different particle concentrations to determine the effect of surface area on fibrillation.

