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of Proteins to Brain Diseases
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Diseases such as Alzheimer’s, Parkin-
son’s, and Huntington’s are characterized
by a dramatic loss of neurons and are
believed to be caused by the accumulation
of neurotoxic proteins either inside or
outside of cells. Although distinct neuro-
toxic proteins are implicated in various
neurodegenerative disorders, they are
thought to undergo a structural change
that triggers protein aggregation and a
series of events resulting in cell death.
However, established techniques have
made it challenging for scientists to
determine the key conformational change
at the molecular level that leads to disease.

In this issue of PLoS Biology, a team led
by Mariano Carrién-Vazquez at the Cajal
Institute used a novel approach to unmis-
takably identify specific structural confor-
mations of individual molecules, thereby
revealing how these conformations relate
to cellular dysfunction in a range of
neurodegenerative diseases. The research-
ers found that extremely stable molecular
conformations In various neurotoxic pro-
teins are associated with protein aggrega-
tion. Moreover, their results suggest that a
single drug may be able to target shared
structural features in these proteins, which
could help to prevent or treat multiple
neurodegenerative disorders.

By modifying existing protocols for a
high-resolution  biophysical  technique
known as atomic force microscopy
(AFM)-based single-molecule force spec-
troscopy (SMFS), Carrion-Vazquez and
his team achieved an unprecedented level
of data quality, which allowed them to
carefully examine the mechanical stability
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of molecular conformations in neurotoxic
proteins. Using this tool, they measured
the forces necessary to unfold the proteins
by attaching one end of the proteins to a
sharp tip and the other end to a surface,
which stretched the proteins when the
surface was pulled away from the tip. To
avoid data contamination that has plagued
past experiments, they inserted the pro-
teins of Interest into protective carrier
proteins.

Using AFM-based SMF'S, the research-
ers found a higher frequency of stable
conformations in fatal proteins implicated
in Alzheimer’s, Parkinson’s, Huntington’s,
and prion diseases than in nontoxic
proteins. These structures were even more
abundant in mutated proteins that are
linked to the early onset and increased
severity of disease. The structural stability
of a small fraction of these conformations
was the highest ever reported for any
protein.

Moreover, the robust conformations
were associated with protein aggregation,
and these structures formed less frequently
when the noxious proteins were exposed
to a neuroprotective peptide that inhibits
the abnormal accumulation of proteins.
The sturdy conformations may mechani-
cally jam the cell’s protein-processing
machinery, interfere with the breakdown
of damaged or aggregated proteins, or
otherwise stymie essential cell functions.

Based on their findings, Carrién-Vaz-
quez and his collaborators suggest that
extremely robust conformations are the
primary cause of neurodegenerative disor-
ders, so they could serve as ideal pharma-
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cological targets as well as potential
biomarkers for the early detection of
disease. Their new approach opens the
door to not only understanding the role of
harmful protein accumulation in various
conditions, but also developing effective
therapeutic strategies.
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