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New method reveals
how the Parkinson's
disease protein
damages cell



membranes
In sufferers of Parkinson's disease, clumps of α-synuclein (alpha-synuclein),
sometimes known as the ‘Parkinson’s protein’, are found in the brain. These
destroy cell membranes, eventually resulting in cell death. Now, a new
method developed at Chalmers University of Technology, Sweden, reveals
how the composition of cell membranes seems to be a decisive factor for
how small quantities of α-synuclein cause damage.

Parkinson's disease is an incurable condition in which neurons, the brain's
nerve cells, gradually break down and brain functions become disrupted.
Symptoms can include involuntary shaking of the body, and the disease can
cause great suffering. To develop drugs to slow down or stop the disease,
researchers try to understand the molecular mechanisms behind how α-
synuclein contributes to the degeneration of neurons.

It is known that mitochondria, the energy-producing compartments in cells,
are damaged in Parkinson's disease, possibly due to ‘amyloids’ of α-
synuclein. Amyloids are clumps of proteins arranged into long fibres with a
well-ordered core structure, and their formation underlies many
neurodegenerative disorders. Amyloids or even smaller clumps of α-
synuclein may bind to and destroy mitochondrial membranes, but the
precise mechanisms are still unknown.

The new study, recently published in the journal PNAS, focuses on two
different types of membrane-like vesicles, which are ‘capsules’ of lipids that
can be used as mimics of the membranes found in cells. One of the vesicles
is made of lipids that are often found in synaptic vesicles, the other
contains lipids related to mitochondrial membranes.

The researchers found that the Parkinson’s protein would bind to both
vesicle types, but only caused structural changes to the mitochondrial-like
vesicles, which deformed asymmetrically and leaked their contents.

“Now we have developed a method which is sensitive enough to observe
how α-synuclein interacts with individual model vesicles. In our study, we
observed that α-synuclein binds to – and destroys – mitochondrial-like
membranes, but there was no destruction of the membranes of synaptic-like
vesicles. The damage occurs at very low, nanomolar concentration, where
the protein is only present as monomers – non-aggregated proteins. Such
low protein concentration has been hard to study before but the reactions
we have detected now could be a crucial step in the course of the disease,”
says Pernilla Wittung-Stafshede, Professor of Chemical Biology at the
Department of Biology and Biological Engineering..

The new method from the researchers at Chalmers University of Technology
makes it possible to study tiny quantities of biological molecules without



using fluorescent markers. This is a great advantage when tracking natural
reactions, since the markers often affect the reactions you want to observe,
especially when working with small proteins such as α-synuclein.

“The chemical differences between the two lipids used are very small, but
still we observed dramatic differences in how α-synuclein affected the
different vesicles,” says Pernilla Wittung-Stafshede.

“We believe that lipid chemistry is not the only determining factor, but also
that there are macroscopic differences between the two membranes – such
as the dynamics and interactions between the lipids. No one has really
looked closely at what happens to the membrane itself when α-synuclein
binds to it, and never at these low concentrations.”

The next step for the researchers is to investigate variants of the α-
synuclein protein with mutations associated with Parkinson's disease, and
to investigate lipid vesicles which are more similar to cellular membranes.

“We also want to perform quantitative analyses to understand, at a
mechanistic level, how individual proteins gathering on the surface of the
membrane can cause damage” says Fredrik Höök, Professor at the
Department of Physics, who was also involved in the research.

“Our vision is to further refine the method so that we can study not only
individual, small – 100 nanometres – lipid vesicles, but also track each
protein one by one, even though they are only 1-2 nanometres in size. That
would help us reveal how small variations in properties of lipid membranes
contribute to such a different response to protein binding as we now
observed.”

Read the full study in PNAS: Single-vesicle imaging reveals lipid-selective
and stepwise membrane disruption by monomeric α-synuclein

More information on the method

• Vesicle membranes were observed by measuring light scattering and
fluorescence from vesicles which were bound to a surface – and monitoring
the changes when low concentrations of α-synuclein were added.

• Using high spatiotemporal resolution, protein binding and the resulting
consequences on the structure of the vesicles, could be followed in real
time. By means of a new theory, the structural changes in the membranes
could be explained geometrically.

• The research project is mainly funded by the Area of Advance for Health
Engineering at Chalmers University of Technology, and scholar grants from
the Knut and Alice Wallenberg Foundation. The researchers’ complementary
expertise around proteins, lipid membranes, optical microscopy, theoretical
analysis and sensor design from Chalmers’ clean room has been crucial for
this project.

https://www.pnas.org/content/early/2020/06/04/1914670117
https://www.pnas.org/content/early/2020/06/04/1914670117


• The method used in the study was developed by Björn Agnarsson in
Fredrik Höök's group and utilises an optical-waveguide sensor constructed
with a combination of polymer and glass. The glass provides good
conditions for directing light to the sensor surface, while the polymer
ensures the light does not scatter and cause unwanted background signals.

• The combination of good light conduction and low background
interference makes it possible to identify individual lipid vesicles and
microscopically monitor their dynamics as they interact with the
environment – in this case, the added protein. Sandra Rocha in Pernilla
Wittung-Stafshede's group provided α-synuclein expertise, which is a
complicated protein to work with.

Chalmers University of Technology in Gothenburg conducts research and
education in technology and natural sciences at a high international level. The
university has 3100 employees and 10,000 students, and offers education in
engineering, science, shipping and architecture. 

With scientific excellence as a basis, Chalmers promotes knowledge and
technical solutions for a sustainable world. Through global commitment and
entrepreneurship, we foster an innovative spirit, in close collaboration with
wider society. The EU’s biggest research initiative – the Graphene Flagship – is
coordinated by Chalmers. We are also leading the development of a Swedish
quantum computer. 

Chalmers was founded in 1829 and has the same motto today as it did then:
Avancez – forward.
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