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 aimed to build on previous work in the area and to utilise a TAMRA labelled Aβ (emission at 543 nm). This labelled Aβ acts as a replacement for the previously used HiLyte Fluor Aβ (HLAβ) which failed to intercalate with the unlabelled Aβ in the last visit to this lab. This TAMRA labelled Aβ allows us to monitor early nucleation events in the fibrillation process and, due to its emission wavelength, allows for cross correlation measurements. Cross correlation spectroscopy would allow us to monitor where the nucleation and elongation events take place – either in solution or in situ on the surface of the particle. This would allow us to further elucidate a nucleation mechanism. This visit aimed to establish best practice in the use of this labelled monomer.

Description of the work carried out during the visit 

Our experiments focus on the fibrillation of the labelled Aβ and its’ interaction with the Dark Red fluorescence polystyrene particles (DRPS) that have been used previously in this project.

In previous experiments, HLAβ was used at a 1% dilution in 10µM unlabelled Aβ and the DRPS over a range of concentrations from 0.00045 - 0.05 mg/ml. However, the use of HLAβ failed to intercalate with the unlabelled Aβ, remaining monodisperse in solution, thereby failing to allow the detection of Aβ fibrils forming amongst the unlabelled Aβ. In order to counteract this issue, HLAβ was repaled with TAMRA labelled Aβ. Again this labelled Aβ was diluted to 1% in unlabelled Aβ and incubated at 37°C, with agitation at 700rpm over the course of 15 hours in the 543nm microscope channel.

FCS measurements were also carried out on Aβ in the presence of DRPS on both coated and uncoated plates. (The plate chambers in which the system was monitored were coated with poly-l-lysine. This was done in order to minimise depletion of the Aβ in solution due to its’ binding to the surface of the (polystyrene) plate surface.)

The Polystyrene nanoparticles used have a nominal size of 40 nm and are loaded with a dark red dye with emission wavelength 630 nm. The measurements were carried out via the 633 channel, corresponding to the emission wavelengths of the labelled particles. These were carried out over a 90 minute time scale.

Description of the main results obtained. 
It was found that, unlike the previously used HLAβ, the 1% TAMRA Aβ in solution with 10 µM unlabelled Aβ showed a significant size increase over the 15 hours of incubation it underwent. Initial measurements showed a monodisperse starting material and, given the intensity of the signal at late stages and the extent of fibrillation it reported, this increase in size indicates that the TAMRA labelled Aβ intercalates with the unlabelled Aβ and follows the same fibrillation pathway as unlabelled Aβ alone. This is very promising to the overall project and will allow future investigations into the exact mechanism of interaction between fluorescently labelled polystyrene and Aβ.

The FCS measurements conducted on unlabelled Aβ in the presence of DRPS in both PLL-coated and uncoated plates reported a greater extent of size increase in the case of the PLL-coated plates over the uncoated plates. The lag phase remains unaffected. This suggests that the greater concentration of Aβ remaining in solution allows fibrils to continue forming to greater lengths and numbers after the lag phase than is possible in the uncoated plates where the Aβ concentration is depleted due to protein dissipating to the surface of the plate and out of solution.

Future Collaboration with Host Institution 

a) Use of TAMRA labelled Aβ monomer to monitor early stage nucleation events.

b) Monitor the fibrillation process of the two labelled species (TAMRA Aβ and DRPS) together. 

c) Further utilise cross correlation measurements in order to determine the mechanism of interaction of the two species at early nucleation times.

