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Fine-tuning gene expression during stress
recovery

November 29 2019, by Naoki Namba

Nuclear stress bodies (white) formed in response to heat stress. Credit: Hokkaido
University

Scientists have discovered non-coding RNA has a novel role to fine-tune
gene expressions during stress recovery, getting closer to uncovering a
30-year-old nuclear mystery.

Hokkaido University researchers are beginning to uncover the functions
of mysterious organelles in the nucleus and their relation to stress, 30
years after their discovery.
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The organelles, called nuclear stress bodies, form when cells are exposed
to heat or chemical stress. When conditions return to normal, the
organelles promote retention of RNA segments, called introns, the
researchers report in the EMBO Journal.

This is important because intron retention regulates gene expression for
a variety of biological functions, including stress response, cell division,
learning and memory, preventing the accumulation of damaged DNA,
and even tumor growth.

Among their many mysteries, nuclear stress bodies were found to
assemble on a type of long non-coding RNA in response to heat and
chemical stress. Molecular biologist Tetsuro Hirose of Hokkaido
University's Institute for Genetic Medicine specializes in non-coding
RNAs, which are molecules copied from DNA, but not translated into
proteins. Hirose and his colleagues investigated the functions of nuclear
stress bodies by turning off the long non-coding RNA and thus removing
them from human cells.

Removing the nuclear stress bodies resulted in a vast suppression of
intron retention during stress recovery. Further investigation enabled the
team, which included researchers from Hokkaido University, the
National Institute for Advanced Industrial Science and Technology, and
the University of Tokyo in Japan, to understand how nuclear stress
bodies, when they are present, help cells recover from stress.

Here is what they found: Heat stress at 42°C leads to dephosphorylation
of splicing factors called SRSFs, resulting in the removal of specific
introns and the production of mature RNA molecules. Simultaneously,
dephosphorylated SRSFs become incorporated in the nuclear stress
bodies. As soon as cells return to the body's normal temperature of 37°C,
nuclear stress bodies recruit an enzyme to rephosphorylate SRSFs,
therefore rapidly restoring intron retention to its normal levels.
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"Nuclear stress bodies probably function to fine-tune gene expressions
by rapidly restoring the proper levels of intron-retaining messenger
RNAs as the cell recovers from stress," Tetsuro Hirose says. Further
studies are needed to reveal the specific effects of intron retention after
heat stress, and to understand the detail mechanism of the process.

More information: Ninomiya K. et al., LncRNA-dependent nuclear
stress bodies promote intron retention through SR protein
phosphorylation. The EMBO Journal, November 29, 2019. DOI:
10.15252/embj.2019102729
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