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Study shows how depletion of mitochondria
in axons can directly lead to protein
accumulation
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As axonal mitochondria are lost, changes in the subunits of elF2 are seen which
hamper translation and autophagy and cause the accumulation of proteins in
cells. Credit: Tokyo Metropolitan University
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Researchers from Tokyo Metropolitan University have identified how
proteins collect abnormally in neurons, a feature of neurodegenerative
diseases like Alzheimer's. The research is published in the journal eLife.

The researchers used fruit flies to show that depletion of mitochondria in
axons can directly lead to protein accumulation. At the same time,
significantly high amounts of a protein called eIF23 were found.
Restoring the levels to normal led to a recovery in protein recycling. The
findings promise new treatments for neurodegenerative diseases.

Every cell in our bodies is a busy factory, where proteins are constantly
being produced and disassembled. Any changes or lapses in either the
production or recycling phases can lead to serious illnesses.
Neurodegenerative diseases such as Alzheimer's and amyotrophic lateral
sclerosis (ALS), for example, are known to be accompanied by an
abnormal build-up of proteins in neurons. However, the trigger behind
this accumulation remains unknown.

A team led by Associate Professor Kanae Ando of Tokyo Metropolitan
University has been trying to determine the causes of abnormal protein
build-up by studying Drosophila fruit flies, a commonly studied model
organism that has many key similarities with human physiology.

They focused on the presence of mitochondria in axons, the long tendril-
like appendages that stretch out of neurons and form the necessary
connections that allow signals to be transmitted inside our brains. It is
known that the levels of mitochondria in axons can drop with age, and
during the progress of neurodegenerative diseases.
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Now, the team has discovered that the depletion of mitochondria in
axons has a direct bearing on protein build-up. They used genetic
modification to suppress the production of milton, a key protein in the
transport of mitochondria along axons. It was found that this led to
abnormal levels of protein building up in fruit fly neurons, a result of the
breakdown of autophagy, the recycling of proteins in cells.

Through proteomic analysis, they were able to identify a significant
upregulation in eIF2f3, a key subunit of the eIF2 protein complex
responsible for the initiation of protein production (or translation). The
elF2a subunit was also found to be chemically modified. Both of these
issues hamper the healthy action of elF2.

Importantly, by artificially suppressing levels of elF2f, the team
discovered that they could restore the autophagy that was lost and regain
some of the neuron function that was impaired due to axonal
mitochondria loss. This not only shows that depletion of mitochondria in
axons can cause abnormal protein accumulation, but that this happens
via upregulation of elF2f.

As populations age and the prevalence of neurodegenerative conditions
continues to increase, the team's findings present a vital step in
developing therapies to combat these serious illnesses.

More information: Kanako Shinno et al, Axonal distribution of
mitochondria maintains neuronal autophagy during aging via eIF23,
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