
 

Healthy organelles, healthy cells
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Key cellular processes take place in droplets formed by RNA molecules and
fluorescently-labeled protein. Credit: Maria Hondele/ETH Zurich.

It has recently become clear just how important membraneless
organelles are for cells. Now biochemists at ETH Zurich have discovered
a novel mechanism that regulates the formation of these organelles. This
has laid the foundation for more targeted research into diseases such as
Alzheimer's or ALS.

For a long time, the contents of cells were thought to be fairly
unstructured and chaotic: a mixture of proteins, DNA and a multitude of
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small metabolic molecules. Although important cellular processes in
plants and animals were known to take place in organelles (larger
structures enclosed by a membrane, such as the nucleus or
mitochondria), it is only in the past few years that scientists have
discovered that there is another type of structure playing a critical role in
the organisation of cellular processes: membraneless organelles. These
tiny droplets are formed in a self-organised process that resembles the
separation of oil droplets in water.

Nowadays, there is a great deal of evidence to suggest that these
compartments are of considerable importance for medicine: they may be
involved in the development of some 40 neurodegenerative diseases,
including Alzheimer's, Huntington's disease and amyotrophic lateral
sclerosis (ALS)—all of which are currently incurable.

"Researchers are discovering a growing number of biological processes
that take place in these organelles, separated from the rest of the cell's
content," says Karsten Weis, Professor of Biochemistry at ETH Zurich.
Now, together with his team, he has researched the principle
underpinning the formation of membraneless organelles and how this
process is regulated.

Proteins that stick together

For this, the ETH biochemists analysed a specific family of proteins
known as DEAD-box ATPases. In all types of organism—bacteria,
plants and animals—these proteins act as a kind of molecular switch:
once they have bound to the energy storage molecule adenosine
triphosphate (ATP), they also bind to and transport RNA, the template
copied from DNA for the production of proteins.

In each organism, some of these DEAD-box ATPases contain flexible
"arms" made up of only a small subset of the total of 20 amino acids.
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"This striking feature points to a special function," says Weis. To begin
with, he and his team investigated ATPases from yeast. They modified
the flexible arms using genetic engineering methods and then analysed
the proteins both in the test tube and in live yeast cells. By doing so, they
realised that it is precisely these flexible arms that are responsible for the
formation and regulation of membraneless organelles.

"The flexible areas are readily soluble in the aqueous environment inside
a cell," explains Weis. "However, once a large number of ATPase
molecules come together, these flexible parts cause the proteins to bind
to one another." The ATPases condense into large clusters, leading to a
phase separation similar to that of oil in water—and membraneless cell
organelles form. Further experiments with DEAD-box ATPases from
human and bacterial cells indicated to the researchers that this process
works in a very similar way in all types of organisms.

Organelles create order

Moreover, the ATPases not only ensure the self-organised formation of
organelles, but also use ATP-dependent binding of RNA to regulate the
transport of RNA molecules and proteins into these structures, where the
RNA molecules are collected. Weis and his colleagues believe it is
possible that they are processed or broken down within the structures, or
simply stored there for a while.

In living cells, the ETH researchers have even observed how RNA is
transported through several different membraneless organelles. "This
suggests that further processing of the RNA molecules takes place step
by step in different organelles," says Weis. One organelle is responsible
for a first step in the process, the other organelle for the next, and so
on—like working on a production line.
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More targeted research in the future

However, membraneless organelles are susceptible to failure. Over time,
they can transform into defunct, sticky aggregates—into clumps that are
no longer fluid. "It is this kind of permanent aggregates in the cells that
cause neurodegenerative diseases," says Weis. The findings of his
research group now suggest that DEAD-box ATPases help to keep the
organelles in a fluid state—thereby preventing the formation of
dangerous aggregates.

Now that the biochemists have understood how such membraneless
organelles are regulated, they are able to study the phenomenon in a
more targeted way. For example, by switching the activity of the
ATPases on and off and they can observe how this affects organelles and
cells. In this way, the ETH researchers ultimately want to find out what
role the membraneless compartments play in disease development.

  More information: Maria Hondele et al. DEAD-box ATPases are
global regulators of phase-separated organelles, Nature (2019). DOI:
10.1038/s41586-019-1502-y
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