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General Experimental Procedures

Peptide Preparation. Purification of AB40 was done as previously published.? For p3, solid,
lyophilized peptide was dissolved in 8:2 0.1% NH4OH H:O/acetonitrile and purified using PLRP-S
columns (8 um, 300 A) under basic conditions. All peptide purities range from 95-99%. The concentration
of p3 was determined by the absorbance of the peptide backbone at 205 nm via Nanodrop (¢ = 83,370
M1 cm?) using the protein parameter calculator (http:/nickanthis.com/tools/a205.html).® The
concentration of AB40 was determined at 280 nm (¢ = 1490 M* cm™).

Microscopy. Samples were imaged on a JEOL 1230 microscope at University of California Santa
Cruz or a Tecnai-12 microscope at University of California Berkeley.

Oligomer Image Analysis. The TEM images of oligomers were converted to 8-bit and the
following filters were applied: 1) process > filters - median = radius = 4. 2) Image - Adjust - Auto
Local Threshold - method = Phansalkar; radius = 15. 3) Process - Noise - Despeckle. 4) Process -
Binary - Fill holes. 5) Process - Binary > Watershed. 6) Analyze - Set Measurements - Select Area,
Limit to Threshold, Decimal places = 2. 7) Analyze > Analyze Particles - Set Size = 120 — infinity,
Circularity = 0.35-1 - Add to Manager. The area values were then converted to diameters and displayed
as a histogram.

ThT Assay. ThT (Acros Organics, 2390-54-7) was dissolved in 10 mL of PBS buffer containing
0.02% (w/v) NaNs and filtered through a 0.22 pm filter. The concentration was determined by Nanodrop
at 412 nm (e = 36000Mcm™). Lyophilized samples of peptide were prepared as described above at 20
MM, with 20 uM ThT in PBS. 200 pL of sample was added to each well, in triplicate, of a black, clear
bottom 96-well plate. Absorbance readings were measured ever 5 min with 5 s of shaking before reading
and 295 s of shaking between readings at 37 °C with a Biotek synergy HTX fluorescence plate reader
(Aex = 444 nm Aem = 485 nm).

TAMRA Quenching Assay. Lyophilized TAMRA-AB40 and TAMRA-p3 were each dissolved in
20 mM NaOH, and sonicated for 30 s. The samples were diluted in PBS and the corresponding
concentrations were determined by Nanodrop (¢ = 99000 M cm™) at 555 nm. Readings were collected
on a plate reader as described above (Aex = 550 Nm Aem = 580 nm).

Peptide structure images. Coordinates of peptide structures were downloaded from the pdb
database (2M4J, 4NTR, 6CG4, and 3MOQ) and rendered using the freely available VMD software.
Centroid-to-centroid distances were calculated using the ChemCraft program package.

Cellular viability. Lyophilized peptides were dissolved in 15 pyL of 20 mM NaOH and the solutions
were diluted to a final concentration of 50 uM with culture media. The samples were then incubated at
4 °C for 6 hours (consistent with method employed in Fig. 3 and S11, per published method by Ahmed
et. al.®) The culture media intended for the vehicle cells as well as the blank samples was also incubated
at 4 °C for 6 hours to account for any effects induced by low temperature. Human neuroblastoma SH-
SY5Y cells were cultured in 1:1 DMEM: F12 K media supplemented with 10% fetal bovine serum and 1%
penicillin-streptomycin. Cells were incubated at 37 °C with 5% CO,. SH-SY5Y cells were plated in a 96-
well plate at a density of 50,000 cells/well (100 uL total volume/well) and allowed to adhere for 24 h before
dosing. After dosing, SH-SY5Y cells were incubated for 72 h at 37 °C. Then, 10 L aliquots of WST-1
(Roche) were added to each well and incubated for 4 h. Then, absorbance was measured at A = 490nm.
Each bar represents an average of four replicates, normalized against the vehicle (cells and media only).
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Figure S1. Histogram revealing number of annual publications on A from 1955 until February 2020, according to PubMed.



Table S1. Literature analysis of conflicting findings characterizing the p3 peptide

CATEGORY QUESTION EVIDENCE TO SUPPORT EVIDENCE TO CONTRADICT AMBIGUOUS
EVIDENCE
ISOLATION From brains? 1. p3 identified as major constituent 1. No p3 isolated from sporadic 1. p3 minor
FROM AD of Down syndrome cerebellar AD brains® component of AD
PATIENTS preamyloid plaques® plaques?®
2. major component of diffuse 2. p3 foundin
amyloid plaques’ diffuse plagues and
dystrophic neurites,
but not in plaque
cores?0
From 1. p3 levels in CSF correlates with
cerebrospinal mild cognitive impairment?!
fluid (CSF)?
AGGREGATION Fibrilization 1. p3 formed irregular fibers!? 1. p3 formed intricate, dense 1. Few p3 fibrils
PROPENSITY possible? 2. fibril formation®? lattices, unlike AB*® formed that were in
3. short fragments dissimilar to AB¥* 2. amorphous aggregates® dense networks
3. Small, granular particles?® shorter and
narrower than AR’
Theoretical 1. MD simulation of p3 fibrils!®
simulations of
fibrils
ThT binding? 1. ThT positivel417 1. ThT negative® 1. Very little ThT
binding®12
Oligomerization 1. Unable to trap oligomers??
possible?
Theoretical 1. Molecular model of AB1g.41 1. Simulations of p3 oligomers
simulation of oligomers?20 unstable!®
oligomerization 2. MD simulations of theorized
trimers and paranuclei?!
3. MD simulations of theorized U-
and S-shaped intermediates?223
TOXICITY To cellular 1. fresh and aged p3 found to be
models? toxic to rat hippocampal neurons®’
2. aged p3 toxic to SH-SY5Y cells?*
3. toxicity to SH-SY5Y and IMR-32
cells®
3.p3 formed ion channels in cells,
disrupting Ca%* regulation, causing
neuronal death?®
4. p3 activated JNK and caspase-82°
LONG-TERM Affected by p3? 1. p3 found to not inhibit rat
POTENTIATION hippocampal LTP (11.5nM)?
(LTP)
PRO- Affected by p3? 1. p3 stimulated production of IL-1a,
INFLAMMATORY IL-1B, IL-6, TNFa, MCP-1%8
CYTOKINE AND
CHEMOKINE
PRODUCTION
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Figure S2. Mass spectrometry and analytical HPLC characterization of a representative synthetic batch of p317-40.
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Figure S3. Mass spectrometry and analytical HPLC characterization of a representative synthetic batch of AB1-40.
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Figure S4. Mass spectrometry and analytical HPLC characterization of a representative synthetic batch of p3rio
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Figure S5. Mass spectrometry and analytical HPLC characterization of a representative synthetic batch of p3rzoy.
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Figure S7. Mass spectrometry and analytical HPLC characterization of a representative synthetic batch of TAMRA-labelled p317-40.

8



—————
200 nm 7/

Figure S8. TEM images of ABi.40 prepared A) quiescently (20 uM, 37 °C for 7 days) acquired at the University of California Santa Cruz Microscopy Center (JOEL
1230 Microscope), B) quiescently (20 uM, 37 °C for 7 days) acquired at the University of California Berkeley Electron Microscope Laboratory (Tecnai-12 Microscope),
C) under agitation (20 uM, 37 °C for 24 hours with continuous shaking) acquired at the University of California Santa Cruz Microscopy Center (JOEL 1230
Microscope).
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200 nm 200 nm

Figure S9. TEM images of p317.40 prepared A) quiescently (20 uM, 37 °C for 7 days), B) quiescently (40 uM, 37 C for 7 days), C) under agitation (20 uM, 37 °C for
24 hours with shaking every 5 minutes), D) TAMRA-labeled-p3i17.40 under agitation (20 uM, 37 °C for 24 hours with continuous shaking). A-D were acquired at the
University of California Santa Cruz Microscopy Center (JOEL 1230 Microscope).
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Figure S10. ThT- monitored aggregation kinetics of ABi.40 alone, and amyloid beta with p3 fibrils added (at 5 or 20% of total concentration). p3 fibrils were formed

at 37 °C under continuous shaking for 24 h, followed by centrifugation and washing x3.
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Oligomers

—
200 nm

Figure S11. TEM images of kinetically trapped, intermediate oligomers of A) AB1-40 (20 uM, 4 °C for 6 hours) and B) p317-40 (20 uM, 4 °C for 6 hours). These images
were used to quantify the size distributions of spherical oligomers shown in Fig. 3C. Both A-B were acquired at the University of California Berkeley Electron
Microscope Laboratory (Tecnai-12 Microscope).
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Figure S12. Cellular viability in SH-SY5Y cell lines following treatment with 50 uM oligomeric ABi.40 Or p317-40. Each sample, including controls, was incubated at
4 °C for 6 hours (consistent with method employed in Fig. 3 and S11, per published method by Ahmed et. al.5)
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Figure S13. A) Sequence of p3 and 2 additional p3 peptides with Phe-> Tyr (F> Y) substitutions at either the F19 or F20 position. B) SDS-PAGE gel of photo-
induced crosslinked samples of AB, p3, p3riay, and p3raov. “No XL” denotes samples were not exposed to light.
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Figure S14. ThT- monitored aggregation Kinetics of AB1-40, p317-40, P3r19y, and p3rzov (20 uM, 37 °C, with continuous shaking).
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