
 

Misfolded proteins clump together in a
surprising place
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Left: Aggregates (green) bind to mitochondria (red). Right: Aggregates (green)
bind to endoplasmic reticulum (red). Credit: Chaunkai Zhou, Rong Li Lab,
Stowers Institute for Medical Research

Scientists at the Stowers Institute for Medical Research have made a
surprising finding about the aggregates of misfolded cellular proteins
that have been linked to aging-related disorders such as Parkinson's
disease. The researchers report their results in the October 16, 2014
online issue of the journal Cell.

Using 3-D time-lapse movies to track the fate of misfolded proteins in
yeast cells, the researchers determined that about 90 percent of
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aggregates form on the surface of the endoplasmic reticulum (ER), a
location of protein synthesis in the cell. It had been thought that
misfolded proteins spontaneously clump together in the cytosol, the fluid
component of a cell's interior.

"Our findings have challenged the notion of the aggregation process as a
passive consequence of accumulating misfolded proteins," says Stowers
Investigator Rong Li, Ph.D., who led the study. Using budding yeast 
Saccharomyces cerevisae, a frequently used laboratory model in aging
research, Stowers scientists experimentally used heat and other forms of
stress to induce misfolded proteins to clump together.

Li and collaborators also found that the aggregation of misfolded
proteins on the ER surface depends on the active synthesis of proteins by
ribosomes. These molecular machines translate the cell's recipes for
proteins. Guided by the recipe, the ribosome generates a linear
polypeptide chain, the initial form of a protein.

The newly synthesized polypeptide folds into a distinctive three-
dimensional structure resulting in a protein with a functional shape.
Proteins that fail to fold correctly cannot perform their biological
functions and are potentially toxic to cells. Thus, the aggregation of
misfolded or unfolded proteins may help protect the cell and prevent
their transfer to daughter cells during cell division, said Chuankai Zhou,
a predoctoral researcher in the Li lab and first author of the paper.

In addition to determining that protein aggregation is regulated and
requires active translation, Stowers scientists revealed that the
mitochondria, the cell's powerhouses, play a key role in the mobility of
these protein aggregates. "We found the majority of aggregates on the
surface of ER were in regions where ER and mitochondria come
together, which is surprising but fits well with the view of regulated
aggregation," says Zhou.
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The current study builds upon previous research, published by the Li lab
in 2011 in Cell, that revealed that most aggregates of unfolded proteins
are retained by the mother yeast cell during the asymmetric cell division
that characterizes this organism as well as stem cells. Budding yeast
reproduce when only a small growth out of the mother yeast cell, a bud,
becomes a daughter cell.

In the current paper, the scientists identified the quality control
mechanism that limits the spreading of the misfolded protein aggregates
to the bud and thereby the daughter cell. During the mitosis stage of
budding yeast's division, aggregates of abnormal protein are tethered to
well-anchored mitochondria in the mother cell. As a result, the
mitochondria acquired by the bud are largely free of the abnormal
aggregates.

"Remarkably, the majority of aggregates present in the mother cell did
not follow the mitochondria that entered the bud, but they either
underwent dissolution or remained associated with the mitochondria that
were kept in the mother cell and only exhibited confined local mobility,"
describes Li. "As such, the bud-inherited mitochondria were largely
devoid of aggregates."

Disrupting the aggregate-mitochondria association increases the mobility
and leakage of mother-accumulated aggregates into the bud. Li and her
colleagues also determined that the association of aggregates with 
mitochondria gradually declines in the mother budding yeast cells with
advanced replicative age, likely contributing to their diminished ability
to rejuvenate through asymmetric cell division.

The researchers were able to visualize the process because the protein
aggregates were labeled with different fluorescently tagged proteins that
bind to aggregates. The Electron Microscopy and Imaging core centers at
the Stowers Institute assisted with the research.
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Other authors of the paper are Stowers researchers Brian D. Slaughter,
Ph.D., Jay R. Unruh, Ph.D., Fengli Guo, Ph.D., Zulin Yu, Kristen
Mickey, Akshay Narkar, Rhonda Trimble Ross, and Melainia McClain,
Ph.D. Zhou, Mickey, Narkar, and Li also are affiliated with the
University of Kansas Medical Center.
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