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Description of the project
The self-assembly of intrinsically disordered proteins to form amyloid aggregates is associated with a
number of hitherto incurable neurodegenerative disorders, such the aggregation of the amyloid-β pep-
tides and α-synuclein in Alzheimer’s and Parkinson’s disease respectively. Interactions between the
intrinsically disordered proteins and divalent cations have been shown to affect the kinetics of amy-
loid formation. Furthermore, the specific binding of cations by protein assemblies at different stages
of the aggregation process has been connected with the production of reactive oxygen species.1,2

Our research interests include the development of microfluidic methods to study the physicochem-
ical properties of biomolecules. The manipulation of fluids within channels with dimensions on the
micron scale enables us to measure the electrophoretic mobility and diffusion coefficient of molecules
in solution. These non-disruptive assays can be applied to study non-covalent and transient interac-
tions, such as the specific binding of a single calcium ion to a folded protein.4 The aim of the project is
to expand this approach to characterise the interactions between intrinsically disordered proteins and
ions in a quantitative manner through the use of microfluidic devices such as the one shown below.
The student can address questions such as whether a protein binds one or multiple ions of a certain
type, how the interaction affects the protein size and charge, investigate the difference in binding
affinity for different ions and redox states, and compare the ion binding of amyloidogenic proteins to
those that do not form amyloid aggregates under physiological conditions.
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The project would suit a student with interests including chemical biology, physical chemistry, and
biophysical chemistry. During the research project the student with the opportunity to gain experience
in soft-lithography and microfabrication, as well as training in biophysical and optical techniques.
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