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Supplementary Figure 1 Immunocytochemistry of primary rat hippocampal neurons seeded with α-Syn preformed fibrils. (a-e) Representative images of (a) pS129-α-Syn immunoreactivity (PSYN/81A), (b) dendritic marker MAP2, (c) neuronal marker NeuN, (d) Hoechst nuclear staining and (e) the merged visualization of all markers in untreated and PFF-seeded cultures exposed to increasing PFF doses. (f-i) Quantification of (f) pS129-α-Syn signal normalized to NeuN-positive neurons, (g) the number of NeuN-positive neurons, (h) MAP2 immunoreactivity and (i) the number of Hoechst-stained nuclei. No significant differences were observed between untreated and PFF-seeded neurons, irrespective of dose, indicating preserved cell density, neuronal survival, and neuronal integrity following PFF treatment. Each dot represents an individual well. Scale bar = 100 μm. The characterization workflow was identical to that described in Anthonissen et al. (2026), but was repeated for the specific PFF batch used in the present study.
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Supplementary Figure 2 Persistent proteinase K-resistant pS129-α-Syn immunoreactivity in the SLD after α-Syn PFF injection. Representative pS129-α-Syn staining in the sublaterodorsal tegmental nucleus (SLD) of PBS- and α-synuclein PFF-injected mice at 4 and 8 months post-injection. High-magnification images of the boxed regions are shown below the corresponding overview images. pS129-α-Syn-positive inclusions remained detectable following proteinase K pretreatment in α-synuclein PFF-injected mice at both time points, whereas no specific staining was observed in PBS controls. Scale bars: 1 mm (top) and 100 μm (bottom).

Supplementary Figure 3 MSD 2-step direct immunoassay optimization using pooled tissue samples. Pooled tissue homogenates from the brainstem (BS), cortex (CTX), olfactory bulb (OB), spinal cord (SC), stomach (ST) and duodenum (DUO) were analyzed to determine the optimal sample dilutions for the two-step direct immunoassays. Shown are levels of (a) aggregated pS129-α-Syn, (b) aggregated α-Syn, (c) total α-Syn and (d) tau in pooled samples from PBS- and α-Syn PFF-injected mice. Concentrations were derived from dilution ranges showing acceptable dilution linearity, defined as a %CV < 30% between consecutive sample dilutions. These pooled tissue data were used to establish the final sample dilutions and assay conditions applied in the analyses presented in Figure 6. No statistical analyses were performed. PBS = phosphate-buffered saline, PFF = preformed fibrils. 


[image: ]Supplementary Figure 4 Verification of unilateral injection targeting the sublaterodorsal tegmental nucleus (SLD). Representative hematoxylin-eosin-stained coronal brain section following unilateral injection of 0.2 µL Evans Blue into the SLD (coordinates: AP −5.2 mm, ML ±0.75 mm, DV 3 mm from dura). The left panel shows the injection site location (outlined) and the right panel shows a higher-magnification image of the Evans Blue deposit within the SLD. Scale bars: 1 mm (left) and 100 µm (right).
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Supplementary Figure 5 Overview of electrode configuration and corresponding coordinates (DV from dura). Left hemisphere is implemented with epidural electrodes for EEG recording. Right hemisphere is implemented with intracortical electrodes for LFP recording. Two fine-wired electrodes will be inserted in left and right trapezius neck muscles. FR = frontal cortex, PR = parietal cortex, GR = ground, REF = reference, OB = olfactory bulb, M1 = primary motor cortex, CA1 = cornus ammonis 1, SN = substantia nigra, TM = trapezius muscle, AP = anterior-posterior, ML = medial-lateral, DV = dorsal-ventral This illustration is created in BioRender. Anthonissen, A. (2026) https://BioRender.com/hwjmqd5.
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Supplementary Figure 6 Representative electrophysiological traces for each vigilance state. Example traces from frontal (FR), parietal (PA), and substantia nigra (SN) electrodes, together with EMG recordings, are shown for active wake, quiet wake, NREM sleep, and REM sleep. Traces are derived from recordings in PBS-injected mice aged 15 months post-injection. Scale bars: 100 µV (EEG) and 500 µV (EMG). REM = Rapid Eye Movement, NREM = Non-Rapid Eye Movement, FR = Frontal Epidural Electrode, PA = Parietal Epidural Electrode, SN = Substantia Nigra Intracortical Electrode, EMG = electromyography.


Supplementary Table 1 List of Primary and Secondary Antibodies
	Antibody
	Application
	Working Concentration/Dilution
	Host
	Reference Number
	Company
	Figure

	Anti-Alpha-synuclein (pS129) antibody [P-syn/81A]
	Immunocytochemistry 
	1: 2 000 in PBS 0.1% TritonX100 + 5% Goat Serum 
	Mouse
	Ab184674
	Abcam
	1, Suppl. 1

	MAP2 antibody
	Immunocytochemistry
	1: 7 000 in PBS 0.1% TritonX100 + 5% Goat Serum
	Chicken
	Ab5392
	Abcam
	Suppl. 1

	NeuN antibody
	Immunocytochemistry
	1: 400 in PBS 0.1% TritonX100 + 5% Goat Serum
	Rabbit
	ABN78
	Merck Millipore
	Suppl. 1

	Hoechst solution
	Immunocytochemistry
	1 µg/mL in PBS 0.1% TritonX100 + 5% Goat Serum
	NA
	H3570
	Invitrogen
	Suppl. 1

	Anti-mouse IgG (H+L) Superclonal™, Alexa Fluor® 488 conjugate
	Immunocytochemistry
	1 µg/mL in PBS 0.1% Tritonx100
	Goat
	A28175
	Thermo Fisher Scientific
	Suppl. 1

	Anti-chicken IgY (H+L), Alexa Fluor 647
	Immunocytochemistry
	2 µg/mL in PBS 0.1% Tritonx100
	Chicken
	A21449
	Thermo Fisher Scientific
	Suppl. 1

	Anti-rabbit IgG (H+L), Superclonal™ Recombinant Secondary Antibody, Alexa Fluor 555
	Immunocytochemistry
	2 µg/mL in PBS 0.1% Tritonx100
	Goat
	A27039
	Thermo Fisher Scientific
	Suppl. 1

	Anti-pS129-α-Synuclein antibody [EP1536Y]
	Immunohistochemistry
	0.5 µL/mL in primary antibody diluent (Leica, AR9352)
	Rabbit
	Ab51253
	Abcam
	2,3,4,5,7, Suppl. 5

	Anti-Tyrosine Hydroxylase antibody
	Immunohistochemistry
	1: 1 000 in primary antibody diluent (Leica, AR9352)
	Rabbit
	AB152
	Millipore
	5

	Anti-Iba1
	Immunohistochemistry
	1: 1 000 in primary antibody diluent (Leica, AR9352)
	Rabbit
	019-19741
	FUJIFILM Wako
	7

	Anti-HLA-DQA1 antibody [EPR7300]
	Immunohistochemistry
	1: 200 in primary antibody diluent (Leica, AR9352)
	Rabbit
	Ab128959
	Abcam
	7

	BOND Polymer Refine Detection Kit 
	Immunohistochemistry
	Ready To Use 
	NA
	DS9800
	Leica Biosystems
	2,3,4,5,7, Suppl. 5

	Anti-pS129-α-Synuclein antibody 
[MJF-R13 (8-8)]
	2-step direct immunoassay 
(Coating)
	0.5 µg/mL in PBS
	Rabbit
	Ab168381
	Abcam
	6, Suppl. 6

	ASYNB46 (rec JRD/aSPF/19)
	2-step direct immunoassay 
(Coating)
	2 µg/mL in PBS
	Rabbit
	ASYNB46.003
	In house
	6, Suppl. 6

	Anti-Alpha-synuclein aggregate antibody [MJFR-14-6-4-2] - Conformation-Specific
	2-step direct immunoassay 
(Coating)
	1 µg/mL in PBS
	Rabbit
	Ab209538
	Abcam
	Suppl. 6

	JRF/mTau/8 antibody 
	2-step direct immunoassay 
(Coating)
	4 µg/mL in PBS
	Mouse
	MTUB3.001
	In house 
	Suppl. 6

	Anti-pS129-α-Synuclein antibody [81A]  
	2-step direct immunoassay 
(Primary Detection)
	1 µg/mL in 0.1% casein in PBS
	Mouse
	825701
	Biolegend
	6, Suppl. 6 

	JRD/PT/82- antibody labelled SULFO-TAG 
	2-step direct immunoassay 
(Detection)
	0.18 µg/mL in 0.1% casein in PBS
	Mouse
	NS_2021_019005
	In house
	Suppl. 6

	Biotin Anti-Alpha-synuclein aggregate antibody [MJFR-14-6-4-2] - Conformation-Specific
	2-step direct immunoassay 
(Detection)
	0.5 µg/mL in 0.1% casein in PBS
	Rabbit
	Ab227047
	Abcam
	Suppl. 6

	Anti-Mouse labelled SULFO-TAG 
	2-step direct immunoassay (Secondary Detection)
	1 µg/mL in 0.1% casein in PBS
	Goat
	R32AB-1
	MSD
	6, Suppl. 6

	Streptavidin labelled SULFO-TAG 
	2-step direct immunoassay (Secondary Detection)
	0.1 µg/mL in 0.1% casein in PBS
	Streptomyces avidinii
	R32AD-1
	MSD
	6, Suppl. 6
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