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Protein aggregation, a hallmark of neurodegenerative disorders such as Parkinson’s disease
(PD), remains a complex and dynamic process that is difficult to study due to the limitations of
existing experimental models. To address this gap, we have developed a novel optogenetic
system, Light-Inducible Protein Aggregation (LIPA), which enables the precise control of
protein clustering in real-time. This system utilizes a mutant form of the Arabidopsis thaliana
photoreceptor cryptochrome 2 (CRY2), which undergoes robust and reversible clustering upon
blue light stimulation. By fusing CRY2 with alpha-synuclein (a-syn), a protein central to PD
pathology, we achieved light-induced aggregation of a-syn, leading to the formation of Lewy
body (LB)-like inclusions in living cells.

Our findings show that LIPA allows for the real-time generation of a-syn aggregates with
remarkable spatial and temporal resolution, both in vitro and in vivo. The induced aggregates
mimic key characteristics of authentic LBs and persist for several days, leading to significant
dopaminergic neuronal loss and behavioral deficits in animal models. By combining the LIPA
system with calcium imaging in freely moving animals and confocal microscopy in cultured
neuronal cells, we have captured the early molecular and cellular events underlying a-syn
aggregation, shedding light on early neuronal dysfunction and the molecular pathways driving a-
syn self-assembly.

In conclusion, the LIPA system presents a powerful and versatile tool for studying the

pathological mechanisms of protein aggregation in neurodegenerative diseases, offering new
insights into the dynamic processes driving PD and related disorders.
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