The inhibition of a-synuclein aggregation using marine-derived bacterial
metabolites as a novel neuroprotective approach for Parkinson’s Disease

Parkinson’s Disease (PD) is characterized by inclusions of aggregated a-synuclein (a-syn), a protein found abundantly in neurons. Soluble high-molecular-weight oligomers, formed through the multimerization of a-
syn monomers, are thought to compromise neuronal viability. Targeting these toxic a-syn species for therapeutic intervention is crucial, given the absence of a definitive cure and the limited symptomatic relief current
treatments provide. The marine environment is rich in biodiversity and represents a largely untapped resource for bioactive compounds with novel chemical structures and functional groups, which could have potent
biological activity and therapeutic potential.
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This study involved screening marine bacterial extracts for compounds that could act as potent inhibitors of a-syn aggregation. A structured five-step screening pipeline was employed, including inhibition of seed
elongation, MTT assay, measurement of a-syn aggregation, enzymatic evaluation of cellular degradation and structural interference analysis.

A specific fluorescence assay based on thioflavin T was established to select bacterial homogenates that hinder the elongation of pre-formed a-syn fibrils. The most effective extracts were tested on SH-SY5Y cells, a
human-derived model that, upon induced a-syn expression, leads to oligomer buildup and cell death. Levels of aggregated a-syn were then measured using an ELISA assay that specifically detects aggregated a-syn.
Secondary metabolites isolated from potent extracts were further tested to pinpoint compounds with anti-aggregation properties in cells. Through this approach, the metabolite BIO904-09, a 2,5-diketopiperazine, was
identified as a promising a-syn aggregation inhibitor, acting to enhance proteasomal activity in cells burdened by cytoplasmic a-syn aggregates. SEM experiments indicated that this compound can also affect the
structural properties of these toxic assemblies.
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We successfully established a straightforward pipeline to identify small-molecule inhibitors of a-syn aggregation in SH-SY5Y cells. Our strategy indicated a marine-derived diketopiperazine as a potent a-syn
aggregation inhibitor that could drive future pharmaceutical interventions in PD.

° 4. Evaluation of the optimal concentration of BIO904 and its metabolites by using the MTT assay
Materials and Methods | - :
Metabolites #1-10 were extracted and purified from BIO904 extract. SH-SY5Y cells were treated with 0.025-0.25 mg/mL
A 5-step pipeline for assessing the anti-aggregation capacity of small organic of each metabolite for 24 hours and cell viability was assessed by the MTT assay (i-vi). We selected 0.1 mg/ml as the
compounds against a-syn highest concentration that did not compromise cell viability.
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6. Treatment with BIO904-09 enhances proteasome activity in SH-SY5Y cells expressing a-syn

a-syn oligomers are reported to be degraded by the 26S proteasome. We assessed
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7. BIO904-09 does not enhance lysosome activity in a-syn expressing SH-SY5Y cells

We evaluated lysosomal function by measuring the activity of cathepsin B, a lysosomal enzyme that plays a critical role in
autophagy. BIO904-9 caused no significant change in Cathepsin B activity in SH-SY5Y —dox cells (P). Similar results were
obtained from the expression levels of p62 and LC3 (Q), two important autophagy markers, in the presence of #9, as
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