






















































Supplemental Methods 

 

EV RNA isolation, library preparation, and next generation sequencing. All experiments were conducted by 

QIAGEN Genomic Services. RNA was isolated from 4mL CSF using the exoRNeasy Serum/Plasma Maxi Kit 

(cat. #77064, QIAGEN) per the manufacturer’s instructions. The library preparation was performed using the 

QIAseq miRNA Library Kit (cat. #331505, QIAGEN). A total of 5ul total RNA was converted into miRNA NGS 

libraries. Adapters containing UMIs were ligated to the RNA and RNA converted to cDNA. The cDNA was 

amplified using PCR (22 cycles) and during the PCR indices were added. After PCR the samples were purified, 

and library preparation QC was performed using either Bioanalyzer 2100 (Agilent). Based on quality of the inserts 

and the concentration measurements, the libraries were pooled in equimolar ratios, quantified using qPCR and 

sequenced on a NextSeq500 sequencing instrument. Raw data was de-multiplexed and FASTQ files for each 

sample generated using the bcl2fastq software (Illumina inc.). FASTQ data were checked using the FastQC tool. 

 

EV characterization by fluorescent nanoparticle tracking analysis. EVs were isolated from 600uL CSF using the 

exoEasy Maxi Kit (cat. #76064, Qiagen) according to the manufacturer’s instructions. EVs were visualized and 

quantified using ExoGlow-NTA fluorescent labeling kit on an LM10 NanoSight instrument (cat. 

#EXONTA200A-1, SBI Systems Biosciences, Palo Alto, CA). Each sample was measured in triplicate, and 

videos of data collection were analyzed to give the mean, mode, and estimated concentration for each particle 

size. 

 

293T cell transfection and SG induction experiments. 293T cells (ATCC cat. #ACS-4500) were plated onto six-

well plates at a density of 1.0x106 cells/well for LNA miRNA mimic transfections. Transfection with HiPerFect 

(Qiagen cat. #301705) and respective microRNA cocktails was done 6 hours after plating (10ul/well HiPerFect, 

5nM LNA cocktail working concentration). Complete media change and passaging were performed 24 and 48 



hours after transfection, respectively. Each condition was done in triplicate and plated onto 1X PDL coated (1hr) 

Millicell EZ 4-well glass chamber slides (cat. #PEZGS0416) at a density of 3.0x105 cells per well. For SG 

induction, cells were stressed with 250µM sodium arsenite (Sigma-Aldrich cat. #1062771000) for 30 minutes at 

37°C, followed by fixation with 4%PFA for 10 minutes. For immunofluorescence staining, cells were 

permeabilized for 10 minutes with 0.5% triton-X in 1X PBS, blocked with 5% normal donkey serum (cat. #017-

000-121, Jackson Immuno Research Laboratories), incubated overnight with a G3BP1 primary antibody 

(Supplemental Table 7), 2 hours secondary (1:400, cat. #A-21202, ThermoFisher), and coverslips were mounted 

using Fluoromount-G (cat. #00-4958-02). For biochemistry experiments, cell pellets were sonicated with a buffer 

containing 10mM Tris (pH 7.4), 158 mM NaCl, 1mM ethylenediaminetetraacetic acid (EDTA) (pH 8), 0.1% 

sodium dodecyl sulfate (SDS), 1%  Triton X-100, protease inhibitors (Pierce Protease Inhibitor Tablets, cat. 

#A32963, ThermoFisher), and phosphatase inhibitors (Phosphatase Inhibitor Cocktail 2, cat. #P5726; 

Phosphatase Inhibitor Cocktail 3, cat. #P0044). Protein concentration was determined using the Lowry protein 

assay. Invitrogen 4%–12% bis-tris mini gels were used for SDS-PAGE, proteins were transferred to a 

PVDF membrane and nonspecific proteins were blocked with 5% milk in TBS (Tris-buffered saline). The 

following primary antibodies were used (details in Supplemental Table 7): G3BP1, hnRNPA2/B1. Blot was 

imaged with the LI-COR Odyssey System and normalized to REVERT 700 Total Protein Stain (cat. # 926-11010, 

LI-COR).  

 

293T-G3BP1-GFP microRNA mimic Incucyte S3 imaging. 293T-G3BP1-GFP cells, gifted by Dr. Yeo’s 

laboratory, were plated onto a 12 well plate at a density of 1.0x105 cells/well. 24 hours post plating cells were 

transfected with HiPerFect (Qiagen cat. #301705) and respective microRNA cocktails (5ul/well HiPerFect, 5nM 

LNA cocktail working concentration). Immediately after transfection reagents are added, cells were place into 

the Incucyte S3 Live Cell Analysis System (Essenbioscience) for 3 hours of acclimatation prior to the first 

imaging timepoint (0). 4 images in different areas of each well were taken every hour for 36 hours with the ‘Phase 

channel’ and ‘Green channel’ (300ms exposure) at 20X. For analysis, the average GFP integrated intensity of the 



image was normalized to the confluency area determined by the Incucyte analysis software. The mean of the 4 

images represents the average GFP signal for each well, and each condition had 4 technical replicate wells.  

 

R6/2 mice and tissue processing. Male R6/2 mice and NT littermates (Transgene non-carrier C57B16/CBA) were 

obtained from Jackson Laboratories at 5 weeks and aged to 8 or 12 weeks for SG immunofluorescence 

experiments. All mice were group housed on a 12/12-hr light/dark schedule with as libitum access to food and 

water. Mice were euthanized by Euthasol injection at 8 or 12 weeks, followed by transcardial perfusion with 1X 

PBS and 4% PFA, and decapitation. The whole brain was dissected for immunofluorescence experiments and 

drop fixed in 4% PFA for one hour, then cryoprotected in 30% sucrose, frozen, and serially sectioned into 40 um 

slices using a vibratome.  

 

Free-floating immunofluorescence staining. Floating brain sections were washed in 3x5 minutes in 1X PBS and 

blocked for 1 hour at room temperature with 5% Normal Donkey Serum in 0.3% Triton X-100. Sections were 

incubated in primary antibody overnight at 40C in 5% Normal Donkey Serum (cat. #017-000-121, Jackson 

Immuno Research Laboratories) in 0.3% Triton X-100. The following primary antibodies were used (details in 

Supplemental Table 7): G3BP1, G3BP2, hnRNPA2/B1, EM48 (reacts with the first 256 amino acids from 

human huntingtin), 1C2 (reacts with homopolymeric glutamine stretches), 3B5H10 (reacts with human huntingtin 

N-terminal fragment of 171 amino acids), 5490 (reacts with huntingtin protein amino acids 115-129). Sections 

were then washed 3x5 minutes in 1X PBS, and incubated in secondary antibodies for 1 hour at room temperature 

in 1X PBS. Secondary antibodies were used as follows: Alexa Fluor 488 (1:400, cat. #A-21202, ThermoFisher), 

Alexa Fluor 555 (1:400, cat. #A-31570, ThermoFisher). Sections were washed 3x5 minutes in 1X PBS and 

incubated in DAPI for 10 minutes at room temperature. Sections were then washed 3x5 minutes in 1X PBS. 

Mounting was performed using Fluoromount-G (cat. #00-4958-02). 

 



Paraffin-embedded immunofluorescence staining. Tissue sections were deparaffinized, rehydrated, and treated 

with 10mM sodium citrate for 30 minutes at 95oC. Sections were washed 2x5 minutes in 1X PBS and blocked 

for 1 hour at room temperature with 5% Normal Donkey Serum in 0.1% Triton X-100. Sections were incubated 

in primary antibody overnight at 40C in 1% Normal Donkey Serum (cat. #017-000-121, Jackson Immuno 

Research Laboratories) in 0.1% Triton X-100. The following primary antibodies were used (details in 

Supplemental Table 7): G3BP1, CaMK2, eIF3eta, TDP43, CAPRIN1, DCP1a. Sections were then washed 3x5 

minutes in 1X PBS and incubated in secondary antibodies for 1 hour at room temperature in 1X PBS. Secondary 

antibodies were used as follows: Alexa Fluor 488 (1:400, cat. #A-21202, ThermoFisher), Alexa Fluor 555 (1:400, 

cat. #A-31570, ThermoFisher). Sections were washed 3x5 minutes in 1X PBS, treated with TrueBlack® 

Lipofuscin Autofluorescence Quencher (cat. #23007, Biotium), washed 3x5 minutes in 1X PBS, and incubated 

in DAPI for 10 minutes at room temperature. Sections were then washed 3x5 minutes in 1X PBS, and cover slips 

were mounted using Fluoromount-G (cat. #00-4958-02). 

 

Microscopy. Confocal images were acquired with an Olympus FLUOVIEW FV 3000 microscope and images 

were taken with 10X, 20X, 40X and 60X oil objectives. All brain scan images were done using a ZEISS Axio 

Scan.Z1 imaging system. 
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Supplemental videos 
 
Video 1: 88374-Sample#4_488T_20X_F_r02 
Video 2: 88374-Sample#4_488T_20X_LS__r01 
Video 3: 88374-Sample#7_488T_20X_F_r01 
Video 4: 88374-Sample#7_488T_20X_LS_r01 
Video 5: 88374-Sample#11_488T_20X_F__r01 
Video 6: 88374-Sample#11_488T_20X_LS_r02 
Video 7: 88374-Sample#51_488T_20X_F_r01 
Video 8: 88374-Sample#51_488T_20X_LS_r02 
Video 9: 88374-Sample#59_488T_20X_F_r02 
Video 10: 88374-Sample#59_488T_20X_LS_r01 
Video 11: 88374-Sample#60_488T_20X_F__r01 
Video 12: 88374-Sample#60_488T_20X_LS_r01 
Video 13: 88374-Sample#81_488T_20X_F_r01 
Video 14: 88374-Sample#81_488T_20X_LS_r02 
Video 15: 88374-Sample#82_488T_20X_F_r01 
Video 16: 88374-Sample#82_488T_20X_LS_r01 
Video 17: 88374-Sample#88_488T_20X_F_r02 
Video 18: 88374-Sample#88_488T_20X_LS_r01 
Video 19: 88374-Sample#102_488T_20X_F__r01 
Video 20: 88374-Sample#102_488T_20X_F__r01 



Full unedited gel for Supplemental Figure 2: 
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