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Protein misfolding, aggregation and neurodegenerative disease

Cells have an elaborate network of mechanisms to keep proteins folded and suppress their inappropriate
aggregation. This phenomenon, known as proteostasis, is essential for the health and survival of cells.
However, in more than 40 human diseases, such as Huntington’s and Alzheimer’s, protein misfolding and
aggregation events escape proteostasis which leads to cellular dysfunction and degeneration. Our
laboratory examines what happens to proteins in cells that are prone to misfolding and aggregation. We
examine the conformation of misfolded proteins in the cell, their aggregation properties in the cell and
mechanisms by which cells use to combat inappropriate aggregation.

Techniques we use

Our laboratory is truly multidisciplinary and we offer training in a wide range of biophysical, cell biology and
genetics approaches. Typical methodologies include:

e Targeted mutagenesis of proteins to
probe structure and function
relationships

e Application of new fluorescent
sensors of protein conformations in
the cell

e New flow cytometry approaches to
track how proteins aggregate in
individual cells

e Mammalian cell culture and confocal
microscopic imaging to observe
protein localization and changes

e Drosophila cell biology to study
aggregation in vivo (with Dr Leonie
Quinn)

e Analytical ultracentrifugation using
fluorescence detection to study aggregation in the cell

e Protein expression and purification to study intrinsic structural features of disease causing proteins.

> TC tag

Red fluorescence

TC sensor technology. Used to discriminate different conformations of
huntingtin protein directly in live cells (1).

Projects:

Identification of intracellular “protective” mechanisms against mutant Huntingtin aggregation

This project aims to identify the cellular machinery that assists cells to package and process mutant
huntingtin, which causes Huntington’s disease, as they travel to large clusters of aggregates called
inclusions. Proteins involved in the cytoskeleton will be investigated among several other candidate
proteins that have been previously identified as modifiers of HD pathology in animal models of the human
disease.
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Structural analysis of oligomers
formed in mammalian cells

This project involves determining the
structural and biochemical
properties of oligomers of mutant
huntingtin protein and how they
assemble into inclusions. The work
will use live cell imaging and
advanced fluorescence imaging and
flow cytometry techniques.

A bead model of the Huntingtin monomer fused to CFP. Derived from our small
Live cell imaging of huntingtin angle x-ray scattering experiments with Dr Mulhern.

aggregation in Drosophila (with Dr
Leonie Quinn, Dept of Anatomy and Cell Biology)

We have developed Drosophila models for HD to
determine how defects in protein conformation and
aggregation affect neural functioning. The aim of this
project is to determine the physiological changes that
lead to HD in vivo.

Determining the interplay between two “garbage
disposal” mechanisms for problematic proteins

This project will investigate the processes that cells use
to process unsalvageable proteins, such as mutants that
cannot fold properly. In this project, the student will
study how these mechanisms operate using specially

designed “problem” proteins and a collection of disease Heat shock chaperones (green) and huntingtin
associated proteins from a range of neurodegenerative inclusions (red) in mouse neuroblastoma cells.
diseases.
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