
 

Misfolded proteins serve as 'inherited
memory' of toxic insults
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The E. coli bacterium was used to test the effects of protein aggregates as a
protection against toxic stresses. Credit: NIAID, Flickr, CC-BY

Protein aggregates have a bad reputation in conditions such as
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Alzheimer's disease and Parkinson's disease, but in bacteria, inheritance
of aggregates by daughter cells may help protect against the same toxic
stresses that triggered them in parental cells, according to a new study
publishing 28 August in the open access journal PLOS Biology, by
Sander Govers, Abram Aertsen, and colleagues at KU Leuven, Belgium.
The aggregates thus serve as a kind of inherited memory, protecting
offspring against the challenges experienced by their ancestors.

Protein misfolding is a risk for any cell, and is especially common when
the cell is exposed to heat, oxidative stress, or other insults. Misfolded
proteins that are not immediately disposed of often clump together to
form long-lived aggregates. Such aggregates are seen in
neurodegenerative diseases such as Alzheimer's disease and Parkinson's
disease, where they are thought to contribute to the neurodegenerative
process. Aggregates also form in bacteria such as Escherichia coli, found
in the gut, and have been thought to be damaging to these cells as well.
But some evidence suggests aggregates may also play a protective role, at
least in eukaryotic cells, leading the authors to ask whether they might
confer some benefit in prokaryotic cells.

To test this, they induced aggregates in E. coli by exposing the cells to
heat, antibiotics, or peroxide. When a given bacterial cell subsequently
divided, the aggregate it contained was segregated into only one of the
two daughter cells. After multiple generations, cells were again exposed
to aggregate-inducing stressors. Those sibling cells containing inherited
aggregates displayed improved survival and faster recovery than those
without them. The same survival benefit could be induced by expression
of an inert aggregation-prone protein, suggesting it was the presence of
an aggregate, rather than its composition, that improved survival. The
authors found that cells with aggregates inherited more of the proteins
that protect against stresses, even before exposure to those stresses,
which they suggest accounts for the increase in survival.
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"Our findings indicate the potential of protein aggregates to improve
cellular robustness, in contrast to the prevailing view that they are
inevitably detrimental to cellular health," said Aertsen. "Moreover,
because protein aggregates can persist and be inherited for many
generations as a functional physical relic of an ancestral insult, they can
serve as long-term epigenetic memory in prokaryotes."

  More information: Govers SK, Mortier J, Adam A, Aertsen A (2018)
Protein aggregates encode epigenetic memory of stressful encounters in
individual Escherichia coli cells. PLoS Biol 16(8): e2003853. 
doi.org/10.1371/journal.pbio.2003853
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