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4 3 4 G3BP1 inhibits ubiquitinated protein aggregations induced by p62 and USP10
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Background
The aberrant accumulation of ubiquitinated protein aggregates in cells is a common cause of many degenerative diseases,
such as a-synuclein in Parkinson’s disease (PD) and CFTR-AF508 in cystic fibrosis (CF). Ubiquitin-specific protease 10
(USP10) and a ubiquitin receptor p62 have been shown to augment ubiquitinated protein aggregation. USP10 interacts
with p62 and augments p62-induced ubiquitinated protein aggregation. Ras GTPase-activating protein-binding protein 1
(G3BP1) and G3BP2 are binding proteins of USP10. In this study, we examined whether G3BP1 or G3BP2 are involved
in regulation of ubiquitinated protein aggregations by USP10 and p62.
Methods and Results
We reduced the expressions of G3BP1 and G3BP2 proteins in HeLa cells (G3BP1-knockdown [KD], G3BP2-KD) using
small interfering RNA. G3BP1-KD increased the amount of ubiquitinated proteins in HeLa cells, and the increase was
attenuated by a treatment with a proteasome inhibitor MG-132. In contrast, G3BP2-KD did not show stimulatory activity
on the amount of ubiquitinated protein.
CFTR-AF508 is a ubiquitination- and aggregation-prone mutant protein and a causative factor of CF. G3BP1-KD in HeLa
cells increased the amount of CFTR-AF508, and the increase was attenuated by G3BP2-KD. Immunostaining experiment

showed that CFTR-AF508 aggregation was augmented by G3BP1-KD. While G3BP2-KD hardly affected CFTR-AF508




aggregate formation, it reduced the G3BP1-KD-induced aggregate formation.

We examined whether USP10 and/or p62 plays a role in G3BP 1-KD-induced protein aggregations. G3BP1-KD increased
the amounts of CFTR-AF508 and ubiquitinated proteins, and these increases were reduced by both USP10-KD and p62-
KD. Immunofluorescence staining showed that G3BP1-KD increased the amount of CFTR-positive aggregate formation,
and this increase was diminished by both USP10-KD and p62-KD. In addition, USP10 overexpression augmented the
G3BP1-KD-induced increase in CFTR-AF508 protein. Furthermore, the amount of exogenous a-synuclein in HeLa cells
was increased by G3BP1-KD, and the increase was reduced by both USP10-KD and p62-KD. An immunoprecipitation
analysis showed that both G3BP1 and G3BP2 interact with p62 and USP10.

A ubiquitination assay with His-tagged ubiquitin showed that G3BP1-KD in HeLa cells increases the amounts of
ubiquitinated a-synuclein and CFTR-AF508.

Cell viability assay showed that G3BP1-KD little affected the cell viability with CFTR-AF508 expression, but G3BP-1-
KD together with USP10-KD or p62-KD markedly reduced the cell viability induced by CFTR-AF508.

The brain tissue of both PD patients and non-PD individuals expressed a relatively low amount of G3BP1 to those of
USP10, p62 and G3BP2.

Discussion

In this study, we found that G3BP1 inhibits ubiquitinated protein aggregation by reducing the amount of ubiquitinated
proteins in the steady state of cells, and these activities target two pathogenic proteins: CFTR-AF508 and a-synuclein.
Therefore, the present study suggested that the reduction of G3BP1 and/or its dysfunction promotes pathological
ubiquitinated protein aggregation in degenerative disorders, including CF and PD.

G3BP1 depletion stimulated p62/USP10-induced protein aggregation, and the stimulation was attenuated by G3BP2
depletion. Both G3BP1 and G3BP2 interacted with p62 and USP10. Taken together, these results suggested that G3BP1
inhibits p62/USP10-induced protein aggregation, whereas G3BP2 attenuates such a G3BP1 inhibition by competing
G3BP1-interaction with p62 and/or USP10.

Evidence suggests that while ubiquitinated protein oligomers have cell toxicity, such toxicity is attenuated by forming big
ubiquitinated protein aggregates. The present findings support this notion, as follows. Ubiquitinated CFTR-AF508 by
itself did not show cell toxicity, since ubiquitinated CFTR-AF508 is rapidly degraded by proteasome. G3BP1-KD

increased the amount of ubiquitinated CFTR-AF508 but not the toxicity, since G3BP1-KD simultaneously induced




CFTR-AF508 aggregation. However, p62-KD or USP10-KD in G3BP1-KD cells restored CFTR-AF508 toxicity by
reducing CFTR-AF508 aggregation.

We detected a low amount of G3BP1 protein relative to G3BP2, p62 and USP10 in PD and non-PD brains. It should be
noted that G3BP1-knockout mice develop neurodegeneration with neuronal dysfunction and neuronal apoptosis. These
results suggest that despite its low expression in brains, G3BP1 still plays a protective role in the neuronal survival and

development of neurodegeneration.
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