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Isolation of Extracellular vesicles (EVs): K562 cells were grown in complete RPMI1640 medium (10%FBS+1% Penicillin-Streptomycin) and BJ cells were grown in DMEM (10% FBS and 1%penicillin-streptomycin). When the cells reached approximately 70-80% confluence, the media is replaced with serum-free conditioned medium and incubated for another 24 hours. The Conditioned medium was then centrifuged at 300g for 10 minutes. The cell pellet was discarded and the supernatant was further centrifuged at 2000g for 10 minutes. The Pellet, comprising of mostly cell debris and apoptotic bodies was discarded and the supernatant was again centrifuged at 10000g for 30 minutes. The pellet, comprising of microvesicles was discarded and the supernatant was filtered at 3500g for 15 minutes using Centricon Plus70 100KD NMWL cut-off (Millipore). The filtrate was discarded and the residue, enriched with EVs and other proteins was collected. The collected residues were precipitated overnight using ExoQuick-TC (System Biosciences) at 1:5 ratio (by volume) of Exo-quick to filtration residue. Next morning, the sample was centrifuged at 1500g for 30 minutes. The supernatant was discarded and the pellet was centrifuged again at 1500g for 5 minutes. Left over supernatant, if any, was discarded and the pellet and re-suspended in 500 microliter PBS. 
Electron microscopy: Negative staining of exosome suspensions followed by imaging in a transmission electron microscope was used to determine vesicle shape and size distribution [1]. Aliquots of exosome suspensions were dispensed onto sheets of Parafilm in a humidified petri dish and the vesicles were adsorbed onto freshly prepared Butvar coated EM grids (glow discharged). The adsorption was done for 5 minutes at room temperature. The petri dish containing the suspensions and EM grids was transferred to a large bucket of ice shavings and the grids were transferred to three successive drops of distilled water (30 seconds each) to remove salts, and then transferred to a drop of 1% uranyl acetate in 1% methyl cellulose for 30 seconds and then placed in a second drop of negative stain solution for 5 minutes. Excess stain was blotted off and the grids were air dried. 
Immuno-gold labeling for the CD81 was done by re-suspending the EVs in primary mouse antibody to human CD81 (Abcam) diluted in PBS for 30 minutes at room temperature. Incubations were done in sterile 1.5 mL micro centrifuge tubes. The antibody labeled vesicles were pelleted by centrifugation, re-suspended in a 1:10 solution of  5nm colloidal gold conjugated to rabbit anti-mouse IgM secondary antibody (Aurion, Electron Microscopy Sciences) for 30 minutes. The gold labeled vesicles were then adsorbed to Butvar-coated grids for 5 minutes and then rinsed through 3 drops of PBS to remove unbound gold particles. Negative staining of the gold labeled vesicles was completed at described above. 
Samples were imaged in the Hitachi H7000 Electron Microscope operated at 75kV. Images recorded on Kodak EM film 4489 were scanned at 2400 DPI on an Epson Perfection V750 film scanner. 
Western Blot: Proteins were isolated using RIPA buffer (Pierce) using manufacturer’s protocol, concentrated using Amicon Ultra 3K centrifugal filter (Millipore) and quantified using BCA protein quantification kit (Pierce). 1microgram of proteins from K562 whole cell and EVs were loaded on pre-cast 4-20% Tris-Glycine gel (Life Technologies) and transferred to PVDF membrane. Membrane was blocked using Pierce TBST blocking buffer (Cat. no. 37571) for 1 hour at room temperature. Primary antibody incubation was performed overnight at 4deg at 1:1000 dilutions while secondary antibodies were used at 1:10000 dilutions. Membranes were developed with Amersham ECL plus western blotting development kit (GE). Anti-Fibrillarin (Abcam, cat. no. ab18380), Anti-Protein disulphide Isomerase (Abcam, cat. no. ab2792) and Anti-Prohibitin (Abcam, cat. no. ab28172) was used as nuclear, endoplasmic reticulum and mitochondrial marker, respectively.  Anti-PDC6I (Abcam, cat. no. ab88743), Anti-Tsg101 (Abcam, cat. no. ab83) and Anti-Transferrin receptor (Abcam, cat. no. ab84036) were used as exosomal marker. Goat polyclonal to Rabbit IgG (Abcam, cat. no. ab6721) and Rabbit polyclonal to Mouse IgG (ab 6728) were used as secondary antibodies. 
NTA: Quantification of the extracellular vesicles was performed by Nanoparticle Tracking Analysis (NTA) was performed using NanoSight LM10 at 25 degrees Celsius. PBS was used as a diluent and samples were run at 1:500 dilutions for K562 EVs and 1:5 dilutions for BJ EVs.
Isolation of RNA: RNA isolation was performed using Ambion’s Mirvana miRNA Isolation kit (cat. no.AM1560) using manufacturer’s protocol. Prior to RNA isolation, EVs were treated with Ambion RNase cocktail (cat. no.AM2286) at 37 degrees for 15 minutes. 1ml of lysis/binding buffer was immediately added to the RNAse treated EVs to deactivate the RNAse. 
Detergent and RNAse treatment: To determine if the isolated RNA were true exosomal RNA cargo and not any artifact of purification, RNA isolate from EVs without RNase treatment was compared with RNA isolate from RNAse treated EVs and RNA isolate from detergent and RNase treated EVs. RNase treatment of EVs re-suspended in PBS was performed with Ambion RNase cocktail at 37degrees for 15 minutes. Detergent treatment was performed with RIPA buffer for 15 minutes followed by RNase treatment as described above. 
Small RNA Sequencing: Small RNA was isolated with Mirvana miRNA isolation kit (Life Tech) and DNase treated with Ambion Turbo-DNase (Life Tech). Ribosomal RNA depletion was performed on Whole cell RNA using Eukaryote Ribominus kit (Life Tech) using manufacturer’s protocol. Both exosomal and whole cell RNA was treated with Tobacco Acid Pyro-phosphatase (Epicenter) to make 5’ capped and tri-phosphate RNAs amenable to adapter ligation. Libraries were constructed using Illumina TruSeq small RNA kit according to manufacturer’s protocol, except reverse transcription was performed using Superscript III. Amplified libraries were run on 2% agarose gel and 20-200nts region was cut and gel-purified with Qiagen gel extraction kit. Libraries were quantified on Agilent Bio-analyzer HS-DNA chip and sequenced on Illumina HiSeq2000.
Long RNA Sequencing: Long RNA was isolated with Mirvana miRNA isolation kit and DNAse treated (Ambion, cat. no.AM2238) using manufacturer’s protocol. Construction of complementary-DNA libraries was performed using Illumina TruSeq stranded total RNA kit (cat. no.RS-122-2201). Libraries were quantified using Agilent Bioanalyzer HS-DNA chip and run on Illumina Hi-Seq 2000 platform.
Bioinformatics Analyses
All data from RNA sequencing experiments in the study were mapped to Human Genome version 19 (hg19, GRCh37) obtained from the UCSC genome browser website (http://hgdownload.cse.ucsc.edu/downloads.html). RNAseq reads were aligned using the STAR v1.9 software [2], and up to 5 mismatches per alignment were allowed. Only alignments for reads mapping to 10 or fewer loci were reported. Annotations were not utilized for mapping the data. The obtained BAM files were further processed using HTSeq software [3] in order to appropriate the number of reads originating from each annotated regions of the genome, utilizing annotations obtained from Gencode v19 [4]of the human genome, using the “Union mode” option of the software for all libraries, tRNA annotations were obtained from tRNAscan database [5]. Reads per million (rpm) values for each gene was obtained by dividing the number of reads uniquely mapping within the limits of a gene annotation, by the total number of uniquely mapping reads in the library and multiplying by a million. These rpm values were used between replicates in Supplementary figures S2A, B, to establish correlation between biological replicates of exosomal RNA libraries. Relative abundance of RNA families in figures 2 A,B,C & D, was calculated using the cumulative rpm values of all genes within the Gencode defined RNA familes such as miRNA, snoRNA,  miscellaneous RNA (miscRNA), protein coding etc. Within each pie chart in figure 2, the group termed as “Others” includes Gencode all categories  other than lincRNA, miRNA, miscRNA, rRNA, tRNA, snRNA, snoRNA and protein coding genes, (such as 3prime_overlapping_ncrna, immune-globulin genes, mitochondrial tRNA, mitochondrial rRNA, anti-sense RNA, antisense, pseudogenes, T-cell receptor genes,  sense_intronic, sense-overlapping genes etc).  Density plots in supplementary figures 3A& B, were obtained by calculating the ratio of rpm within exosomes to the sum of rpms within exosomes and whole cell for both K562 and BJ cells. The density function for genes of each RNA family within these graphs was calculated from these ratios using the kernel density function within the R stats package.
Fragment analysis to identify the most commonly found fragments within the RNY5 gene was found by taking into account start and end positions of all reads that mapped to the RNY5 gene from chromosome 7 between position 148638580 and 148638658 in the positive strand. All reads which began at the 5’ end of RNY5 gene and were greater than 29 nucleotides in length mapped uniquely to RNY5 gene. Similarly reads that began in places other than the 5’ end of the RNY5 gene mapped uniquely to the genes primary location on chromosome 7. However genes which started in the 5’ end of the gene and were 29 nucleotides in length or shorter were all multi-mappers and mapped with 100% identity to two other locations (chromosome 12:45581224-45581252 and chromosome 13:103472349-103472369) and 97% identity to few other locations (chromosome 12:98223788-98223816, chromosome 19:36540048-36540076, and chromosome 1:35893466-35893493), thus making it impossible to accurately establish the true origin of these reads absolutely. These locations are annotated as pseudogenes of the RNY5 gene, and to resolve this uncertainty of their origin we included them for the fragment analysis. The secondary structure of RNY5 was obtained using the online resource of the mfold package [6], within which the most frequently occurring fragments were highlighted.
In order to identify genes which are differentially expressed (DE) between time points for the molecular phenotype section, bio-replicates from 24 hours after treatment with exosomes was compared to the untreated replicates, by using DESeq [7] on the read counts of the genes derived from the HTSeq software, filtering by false discovery rate (FDR) less than or equal to 0.05 and by fold-change greater than or equal to 2 or less than or equal to 0.5. The list of DE genes common between the two cell types on treatment with K562 exosomes and the list of DE genes common between the two cell types after 5’ 32mer treatment were then used for further over-representation analysis on the GO biological processes using the online resource of Reactome Pathways (http://www.reactome.org), where only biological processes with a p-value less than 0.05 was taken to be significant.  The list and map of genes within the FAS/TGF-β pathway was obtained from KEGG pathways [8], and those genes within DE gene lists were overlaid on the map, where red color indicates a fold change below 0.05, and green indicates fold change greater than 2, and blue indicates no significant fold change after treatment in each cell type. 
 Lipid labeling of EVs & Imaging: K562 EVs were isolated as described above. 2 microliter of PKH67 (Sigma, cat. no.MINI67-1KT) was re-suspended in 500microliter diluent and added to purified EVs for 4 minutes in dark and EVs were isolated using Exoquick-TC as described above. The labelled exosomal pellet was re-suspended in complete medium (DMEM +10% FBS+1% Penicillin-Streptomycin) and added to BJ cells for overnight incubation. Imaging was done on Deltavision OMX microscope and image analysis was performed with Delta-vision SoftWorx software.
Metabolic labeling of RNA & Imaging: K562 cells (2+E7) were incubated at a final concentration of 0.2 milliMolar 5- Ethnyl uridine (EU) for 24 hours. EVs were isolated from the conditioned medium as described above. 3T3 cells were treated with ActinomycinD at a final concentration of 1microMolar for 1 hour to block its endogenous transcription. The drug-treated media was replaced with fresh complete DMEM medium and the cells were incubated with EU labeled K562 EVs for 2 hours. The cells were subsequently fixed with 4% Para-formaldehyde and permeabilized with 0.5% Triton-X-100.  EU incorporated exosomal RNA was detected using Click chemistry according to manufacturer’s protocol (Life Tech, cat. no. C10329) and nuclei was counterstained using Hoechst 33342. Finally, cells were imaged on Delta-vision OMX microscope and image analysis was performed with Delta-vision SoftWorx. As a negative control, 3T3 cells treated with ActinomycinD and directly incubated with EU was performed which showed no signal of EU-incorporated RNA thus confirming block of endogenous transcription (data not shown). 
Subcellular localization of RNY5 31-mer: 2+E5 BJ cells were plated overnight and next morning cells were transfected with100picomoles of synthetic RNY5-31mer coupled with Alexa 488 fluorophore at its 3’ end. After 6 hours, transfection medium (Opti-MEM) was replaced with complete DMEM medium and incubated for another 24 hours. Imaging was performed on Delta-Vision OMX microscope and Image processing was performed with Delta-vision SoftWorx software.
Interspecies transfer of RNA by RNASeq: Mouse HB4 cells (ATCC) were treated with K562 EVs for 0, 12 and 24 hours and HB4 cells untreated (Neg. control) and RNA isolation was performed using Mirvana miRNA isolation kit. Isolated RNA was ethanol-precipitated, DNase treated and size separated into long (>200 nucleotides) and short RNA (<200 nucleotides). The short RNA was ribo-depleted using Ribo-minus Eukaryote ribo-depletion kit (Life Tech) using manufacturer’s protocol and ethanol precipitated. The precipitated RNA was then treated with Tobacco Acid Pyro phosphatase (Epicenter) at 37 degrees for 1 hour to convert the 5’ capped and triphosphate RNA molecules into 5’ monophosphate and make them amenable for adapter ligation. RNA was then purified by phenol-chloroform treatment followed by ethanol precipitation. The Small RNA libraries were then constructed using A-tailing protocol as described in [9]. .The amplified libraries were then run on 2% agarose gel and the region between 20-200 nucleotides was cut and gel extracted with Qiagen gel extraction kit. Finally, libraries were quantified using Agilent Bioanalyzer and sequenced on Illumina MiSeq platform. Mapping was performed by STAR against combined Human and Mouse genome and reads which mapped uniquely to humans only were considered for analysis. RNY5, a human specific gene enriched in EVs was used as a marker to demonstrate inter-species transfer of human K562 EV RNA to Mouse HB4 cells.
Oligonucleotide end-labeling: Oligonucleotides (90 pmol for DNA oligonucleotides and 15 pmol for RNA oligonucleotides) were end-labeled in reactions containing 20 µCi of γ-32P-ATP (PerkinElmer), 5 units T4 polynucleotide kinase (New England BioLabs), 70 mM tris-HCl pH 7.6, 10 mM MgCl2, and 5 mM dithiothreitol (DTT). Labeling proceeded for 30 minutes at 37°, followed by phenol-chloroform extraction.
Northern blots: Whole cell total RNA and EV RNA from K562 and BJ cells (850 ng each) was separated on 8% acrylamide, 8 M urea gels. Thereafter, the RNA was blotted to nitrocellulose membranes (Zeta-Probe, Bio-Rad). The blots were probed with an oligonucleotide complementary to the 5’ end of the RNY5 transcript (5'- CTT AAC AAT AAC CCA CAA CAC TCG GAC CAA CT -3').
In vitro processing: K562 Whole cell and EV proteins were extracted with RIPA buffer (Thermo Scientific). Cold processing reactions contained the indicated amount of protein, 10 mM MgCl2 , 10 mM DTT and 2 pmol synthetic full length RNY5 RNA where indicated. After 30 minutes incubation at 37°, reactions were phenol-chloroform extracted, separated on 8% acrylamide, 8 M urea gels, then blotted and probed as described for northern blots. Hot processing reactions were performed with synthetic versions of wild type RNY5 5’ 31-mer, shuffled 31-mer (5’- UGG UGC GUG UUG UUU AGA UUA AGU GGU UGA C -3’) or RNY5 31-mer with the 8 nt motif shuffled (GUUGUGGG→ACGUACAG). Each reaction contained 4 µg of K562 EV protein extract where indicated, 10 mM MgCl2 and 0.15 pmol of end labeled RNA. After 2 hours incubation at 37°, samples were separated on 8% acrylamide, 8 M urea gels. Thereafter, the gels were subjected to autoradiography.


RNA Transfection: 2+E5 cells were plated in 6-well plates overnight. Next day, RNA transfection was performed with Lipofectamine 2000 and Opti-MEM medium for 6 hours according to manufacturer’s protocol. After 6 hours, Opti-MEM media was replaced with complete medium and cells were incubated for another 24 hours. 
Flow cytometry: Quantification of cell death was performed on a BD LSR-II Cell Analyzer (BD Biosciences, San Jose, CA) using a flow cytometry kit that detects membrane permeability, chromatin condensation and dead cell apoptosis (Life Tech, cat. no.V23201).  YO-PRO-1 was excited by the 488nm laser and its emission was collected with a 530/30 filter.  A 405 nm Violet laser was used to excite Hoechst 33342 and emission was collected with a 440/40 filter.  Unstained cells and single color control samples (YO-PRO-1 only and Hoechst33342 only) were used for setting the PMT voltages and eliminating any spectral overlap between these two fluorochromes. Only events positively labeled with Hoechst33342 were considered for quantification. Cells double-labeled with Hoechst33342 and Yo-Pro-1 were quantified as “dead cells” and cells labeled with Hoechst33342 but not with Yo-Pro-1 was quantified as “living cells”.
YO-PRO1, a nucleic acid binding dye which is permeable to apoptotic and dead cells but not living cells was used for quantification of cell death. Briefly, cells were trypsinized and re-suspended in 800microliter DMEM medium. Cells were labeled with 1microliter of YO-PRO1 and Hoechst 33342 for 15 minutes at room temperature. The labeled cells were kept on ice and then passed through a cell strainer prior to running on the LSR-II. 
EVs incubation with cells and cell death quantification: EVs were isolated from 1+E8 cancer (K562, HeLa, U2-Os, and MCF7) or primary (BJ) cells as explained above and incubated with BJ or K562 cells for 24 hours. After 24 hours, quantification of cell death was performed by flow cytometry as explained above.
Exosomal RNA transfection and quantification of cell death: Exosomal RNA was isolated from K562 and BJ EVs in duplicates with Mirvana miRNA isolation kit as explained above. RNA transfection was performed with Lipofectamine2000 and Cell death quantification was performed after 24 hours incubation by flow cytometry as described above.
Synthetic ribonucleotides transfection and cell death quantification: 2+E5 BJ or K562 cells were plated overnight and next day, cells were transfected with 100Picomoles of RNY5 31-mer and 100picomoles RNY5 23-mer with 5microliter lipofectamine2000 in Opti-MEM medium. After 6hours, Opti-MEM media was replaced with complete DMEM media (for BJ) or complete RPMI1640 medium (for K562). Untreated and Mock treatment was used as negative controls. AllStars negative control siRNA was used as non-specific RNA control. A 31nucleotide scrambled RNA oligo was used as a scrambled RNA control. Furthermore, RNA oligonucleotides with 8nt motif (nucleotides14-21) scrambled, scrambled with secondary structure intact and 8nt motif deleted oligonucleotide were used as controls for identifying the motif sequence responsible for phenotype. Finally, transfection of 83nucleotide full length RNY5 and a double stranded RNY5 31-mer shows substantially lower cell death.
Generality of the phenotype: Generality of RNY5 31-mer mediated cell death phenotype was assessed in 4 cancer (K562, HeLa, U2-Os and MCF7) and 4 primary cells (BJ, HUVEC, IMR90 and Human fetal foreskin fibroblast (HFFF)). In each case, 2+E5 cells were plated overnight. Next day, cells were transfected with100Picomoles of synthetic RNY5 31-mer (except HFFF, which was transfected with 200Picomoles of RNY5) and 5microliter Lipofectamine2000 as described above. Cell death quantification was performed after 24 hours incubation as described above. 
Dose response curve of RNY5-31mer: Transfection of BJ cells was performed with RNY5 31-mer and Qiagen AllStars negative control siRNA (non-specific RNA control) in a dose dependent manner. Briefly, 2+E5 cells were plated overnight and on the following day, cells were transfected with RNY5-31mer (10, 50,100, 200, 300 and 400Picomoles) or AllStars control (10, 50,100, 200, 300 and 400Picomoles) with 10microliter Lipofectamine in Opti-MEM medium. Both Untreated and Mock treated (Lipofectamine only) was also performed as negative controls. After 6 hours, media was replaced with complete DMEM medium and incubated for another 24 hours. Quantification of cell death was performed as described above. 
Co-culture and cell death quantification: Co-culture of K562 and BJ cells were performed both as direct co-culture as well as transwell co-culture. In direct co-culture system, 2+E5 BJ cells were plated on 6 well plates and next day, cells were labeled with Hoechst33342 for 15 minutes in dark at 37deg. Cells were washed with thrice with PBS and replaced with complete DMEM medium. 2+E5 K562 cells re-suspended in 2ml RPMI1640 medium were added to the same well and directly co-cultured with BJ cells. As negative control, BJ cells were grown alone in 2ml DMEM +2ml RPMI1640 medium. After 24 hours, both cells were harvested together but were only labeled with YO-PRO-1. Quantification of cell death was performed by flow cytometry as described above. Since K562 cells, although present in the solution were not labeled with Hoechst 33342, Hoechst33342 and YO-PRO-1double labeled cells were quantified as “dead BJ cells” while Hoechst 33342 positive but YO-PRO-1negative cells were quantified as “living BJ cells”. 
In Transwell co-culture system, 2+E5 BJ cells were plated at the bottom of the well. Next day, 2+E5 K562 cells were plated in RPMI medium in the same well but across a Transwell membrane (Corning, 1micron pore size). After 24 hours, K562 cells on top of the membrane were discarded while the BJ cells on the well were labeled with YO-PRO-1 AND Hoechst33342 and flow cytometry was performed for quantification as described above. 
Synthetic RNA oligonucleotides sequences 
RNY5 31-mer: 5’-rArGrU rUrGrG rUrCrC rGrArG rUrGrU rUrGrU rGrGrG rUrUrA rUrUrG rUrUrA rA-3’
RNY5 23-mer: 5’-rArGrU rUrGrG rUrCrC rGrArG rUrGrU rUrGrU rGrGrG rUrU-3’
RNY5 31nucleotide complete scrambled: 5'- rUrGrG rUrGrC rGrUrG rUrUrG rUrUrU rArGrA rUrUrA rArGrU rGrGrU rUrGrA  rC -3'

RNY5 8nucleotide motif deleted: 5’-rArGrU rUrGrG rUrCrC rGrArG rUrUrU rArUrU rGrUrU rArA-3’
RNY5 31-mer with 8 nucleotide motif scrambled:  5’-rArGrU rUrGrG rUrCrC rGrArG rUrArC rGrUrA rCrArG rUrU rArUrU rGrUrU rArA-3’
RNY5 32-mer complementary (3’ side) fragment: 5’-rCrCrC rCrArC rArArC rCrGrC rGrCrU rUrGrA rCrUrA rGrCrU rUrGrC rUrGrU rUrU-3’
Full length RNY5 83-mer: 5’-rArGrU rUrGrG rUrCrC rGrArG rUrGrU rUrGrU rGrGrG rUrUrA rUrUrG rUrUrA rArGrU rUrGrA rUrUrU rArArC rArUrU rGrUrC rUrCrC rCrCrC rCrArC rArArC rCrGrC rGrCrU rUrGrA rCrUrA rGrCrU rUrGrC rUrGrU rUrU-3’
Double-stranded RNY5 31-mer:
 5'-rArGrU rUrGrG rUrCrC rGrArG rUrGrU rUrGrU rGrGrG rUrUrA rUrUrG rUrUrA rArG-3'
5'-rCrCrC rCrArC rArArC rCrGrC rGrCrU rUrGrA rCrUrA rGrCrU rUrGrC rUrGrU rUrU-3'
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