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Figure shows the (A) domain structure of the 526-residue FUS protein and (B)
model for the critical role of the RRM domain in exaggerating the reversible self-
assembly underlying phase separation to irreversible fibrillisation characteristic
of FUS proteinopathy including ALS and FTD. Credit: Song Jianxing

NUS biologists have discovered that dynamics of the FUS protein plays
a key role in FUS proteinopathy that causes certain neurological
diseases.

Amyotrophic lateral sclerosis (ALS) is a neurological disease that causes
the death of nerve cells, which control voluntary muscle movements.
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Patients suffering from it gradually become weaker over time and have
difficulties with their daily activities such as walking, breathing and
talking. Despite its first discovery in 1869 by French neurologist Jean-
Martin CHARCOT, the mechanism causing ALS is still a mystery and
there is no effective treatment for this condition. ALS is a common
neuromuscular disease worldwide. It affects people from different races
and ethnic groups. This disease places a great burden on patients, their
families and society. There is acampaign known as the ALS Ice Bucket
Challenge to increase awareness of this disease.

A team led by Prof SONG Jianxing from the Department of Biological
Sciences, NUS has succeeded in studying the FUS protein and its
dissected domains, which naturally tend to form clusters. The FUS
protein is known to be involved in the development of ALS and
frontotemporal dementia (FTD). Their study showed that the FUS N-
and C-terminal low-complexity (LC) domains are intrinsically
disordered, and only the nucleic-acid recognition domain (RRM) is
folded. However, RRM can spontaneously self-assemble into amyloid
fibrils and it appears to play a crucial role in FUS proteinopathy. "The
results shed light on a long-standing puzzle that FUS and TDP-43
cytotoxicity is mediated by their capacity in binding nucleic acids," Prof
Song commented.

Over the past years, Prof Song and his research team have been working
on decoding structures, dynamics, self-assembly and membrane-
interaction of a list of aggregation-prone proteins. This includes P56S-
MSP, SOD1, TDP-43, FUS and E. coli ribosomal S1 proteins. They
have been focusing on addressing an emerging and extremely
challenging question of why aggregation-prone proteins can trigger an
increasing spectrum of human diseases. Their work also involved cellular
ageing down to E. coli cells. The studies established that there is a fine
balance between the normal function and the potential to cause
neurodegeneration, thus supporting the emerging idea that protein
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aggregation in neurologic disease may be an exaggeration of the normal
functions of the aggregating proteins. Furthermore, membrane-
interaction has been established as a common mechanism for
aggregation-prone proteins to trigger human diseases and ageing. This is
supported by their studies on "insoluble" proteins, which suggest that the
driving forces for protein aggregation and interaction with membranes
are at least overlapped, or even two sides of the same coin.

In the future, the research team plans to focus more on understanding
why and how protein aggregation triggers cellular ageing and human
diseases beyond neurodegenerative diseases.
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