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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
Authors: Please create screen capture videos for the shots labeled as SCREEN, create a screenshot summary, and upload all the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=22416023

3. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? 20 meters, same floor

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. No


Current Protocol Length
Number of Steps: 25 
Number of Shots: 53 (21 Screen)  

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Authors: Statements have been edited for length and clarity. Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
The texts recorded are different (as the initial version)
1.1. Mehenni Sarah: This protocol explains how to identify proteins of extracellular vesicles from human breast cancer cells. 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Mehenni Sarah: It uses improved enrichment, proteomics and data analysis to identify proteins from the small amount of material in EV preparations. It is easily transposable and can provide insights into EV-mediated modulation of any healthy or pathophysiological mechanism.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Devika Shetty: The method facilitates the identification of EV as candidate biomarkers in tumor biology and possible representatives of breast cancer subtypes.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the most important consideration or challenge when performing this protocol.
1.4. Devika Shetty: Maintaining EV quality and reproducibility is constrained by the amount of material. Proteomic workflow requires high sensitive mass spectrometer and deep data analysis. Refinement of the workflow could incorporate approaches specifically designed to distinguish surface-associated from intravesicular proteins, together with complementary bioinformatic analyses.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Devika Shetty: This workflow could potentially be extended to biological fluids following appropriate sample-specific optimization since circulating EVs may reflect pathological states.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 



Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. EV Sample Preparation and Protein Extraction
Demonstrator: Sarah Mehenni 

2.1. Begin with extracellular vesicle, or EV (e-v), samples enriched from conditioned medium by filtration, centrifugal concentration, and size-exclusion chromatography [1]. Confirm the particle-enriched fractions by nanoparticle tracking analysis [2] and verify vesicle-like morphology by transmission electron microscopy [3].
2.1.1. WIDE: Talent placing the enriched EV samples on the work bench. (use the end of it)
2.1.2. WIDE: Talent analyzing the EV-enriched fraction using a nanoparticle tracking analyzer.
2.1.3. Talent at the computer observing the transmission electron micrograph showing vesicle-like structures in an EV-positive fraction.

2.2. Prepare 2X (two-ex) RIPA (ripa) buffer as described in the text protocol [1]. Add protease inhibitors at a 1-to-10 volume ratio, and vortex briefly [2]. Combine an equal volume of the supplemented RIPA buffer with the EV sample [3]. Sonicate for 15 seconds, place the sample on ice for 30 seconds, and repeat this cycle three times [4].
2.2.1. CU: Talent preparing RIPA buffer. (CU + MED)
2.2.2. CU: Talent adding protease inhibitors to the buffer before vortexing briefly. 
2.2.3. CU: Talent adding an equal volume of supplemented RIPA buffer to the EV sample. (Cu + ECU)
2.2.4. WIDE: Talent sonicating the sample before placing it on ice. (CU + MED)
2.2.4B EXTRA placing on ice

3. Filter-Aided Sample Preparation
Demonstrator: Sarah Mehenni 

3.1. For sample reduction, add an equal volume of 0.1 molar dithiothreitol solution to the EV protein extract [1]. Incubate the sample in a water bath at 56 degrees Celsius for 40 minutes [2].
3.1.1. CU: Talent adding dithiothreitol reduction solution to the extracted protein sample. (Cu + ECU)
3.1.2. WIDE: Talent placing the sample in a water bath for the designated time. 

3.2. Dilute the reduced sample with denaturing buffer [1-TXT] and transfer it to a 3-kilodalton centrifugal filter unit [2]. Centrifuge at 14,000 times g for 30 minutes [3]. 
3.2.1. CU: Talent diluting the sample with denaturing buffer. TXT: See text protocol for denaturing buffer composition
3.2.2. Talent transferring the sample to a 3-kilodalton centrifugal filter unit.
3.2.3. WIDE: Talent placing the filter unit in the centrifuge. 
Videographer: Please obtain multiple reusable takes of 3.2.3., as these will be used later in the protocol.

3.3. Add 200 microliters of denaturing buffer and repeat the centrifugation [1], then discard the filtrate [2].
3.3.1. CU: Talent adding 200 microliters of the denaturing buffer before returning the filter unit to the centrifuge. (CU + MED)
3.3.2. CU: Talent discarding the filtrate from the collection tube.
3.3.2B EXTRA emptying the tube

3.4. For alkylation, add 100 microliters of 50 millimolar iodoacetamide solution to the filter unit and incubate for 20 minutes at room temperature in the dark [1]. Centrifuge at 14,000 times g for 30 minutes [2]. 
3.4.1. CU: Talent adding 100 microliters of alkylation solution to the filter unit while keeping it protected from light. 
3.4.2. Reuse 3.2.3.

3.5. Add 100 microliters of denaturing buffer [1] and centrifuge using the same settings [2], then repeat this wash once [3].
3.5.1.  CU: Talent adding 100 microliters of denaturing buffer to the filter unit. (Take 2)
3.5.2. Reuse 3.2.3.
3.5.3. CU: Talent repeating the washing step by adding the denaturing-buffer to the filter unit again. (Take 2)

3.6. Add 100 microliters of 50 millimolar ammonium bicarbonate buffer to the filter unit and [1] centrifuge at 14,000 times g for 30 minutes [2]. Repeat this buffer-exchange step two additional times [3]. 
3.6.1. CU: Talent adding 100 microliters of ammonium bicarbonate buffer to the filter unit. (use 3.5.3 take 1)
3.6.2. Reuse 3.2.3.
3.6.3. CU: Talent repeating the ammonium-bicarbonate buffer exchange by adding fresh buffer to the filter unit.

3.7. Transfer the filter unit to a new collection tube [1], add 40 microliters of trypsin solution at 40 nanograms per microliter [2], and incubate at 37 degrees Celsius overnight [3].
3.7.1. CU: Talent transferring the filter unit to a clean collection tube.
3.7.2. CU: Talent adding 40 microliters of trypsin solution to the filter unit. 
3.7.3. WIDE: Talent placing the filter unit in a 37-degree-Celsius incubator for overnight digestion. (use 2sd part)

3.8. After digestion, centrifuge the filter unit at 14,000 times g for 30 minutes to collect the peptides [1]. Add 50 microliters of 50 millimolar sodium chloride [2] and repeat the centrifugation [3]. 
3.8.1. Reuse 3.2.3.
3.8.2. CU: Talent adding 50 microliters of sodium chloride solution to the filter unit.
3.8.3. Reuse 3.2.3.

3.9. Add 10 microliters of 5 percent trifluoroacetic acid to the collection tube [1]. Transfer the sample to a 0.5-milliliter tube and dry it in a vacuum concentrator [2].
3.9.1. CU: Talent adding trifluoroacetic acid to the peptide-containing collection tube. 
3.9.2. WIDE: Talent transferring the sample to a 0.5-milliliter tube for vacuum concentration.

4. Liquid Chromatography-Tandem Mass Spectrometry
Demonstrator: Soulaimane Aboulouard 

4.1. Reconstitute the dried peptides in 20 microliters of 0.1 percent formic acid [1]. Desalt the sample using the desalting tips according to the manufacturer's instructions [2].
4.1.1. CU: Talent reconstituting the dried peptides. (MED + CU)
4.1.2. Talent desalting the reconstituted peptide sample using the specified desalting tip. (MED + CU)

4.2. Install the specified C18 (see-eighteen) analytical column [1]. Maintain it at 40 degrees Celsius and connect it to the 10-micrometer-inner-diameter fused-silica emitter integrated into the electrospray ion source [2]. 
4.2.1B EXTRA set the tips on the machine
4.2.1. WIDE: Talent installing the C18 analytical column. 
4.2.2. Talent connecting the column to the fused-silica emitter and ESI source while maintaining the temperature at a fixed value. (with 4.2.1)

4.3. Prepare mobile phases A and B [1], and program the liquid chromatography method for 60 samples per day [2].
4.3.1. CU: Talent preparing the two mobile phases, A and B. TXT: See text protocol for mobile phase details
4.3.2. WIDE: Talent at the LC-MS system programming it to handle 60 samples per day.  

4.4. Load the desalted sample onto the liquid chromatography system [1] and acquire tandem mass spectrometry data in diaPASEF (di-uh-PAY-seff) mode [2]. 
4.4.1. CU: Talent loading the desalted peptide sample onto the liquid chromatography system. (end of it)
4.4.2. SCREEN: The diaPASEF acquisition mode being selected in the mass spectrometer control software. 73495_screenshot_1 (00:17-00:28)

4.5. Enter the MS1 (m-s-one), ion-mobility, precursor-range, and isolation-window settings as described in the text protocol [1]. Additionally, set the ramp and accumulation times, total cycle time, and collision energy range as shown here [2].
4.5.1. SCREEN: The MS1, ion-mobility, precursor-range, and isolation-window settings being entered. 73495_screenshot_1 (00:29-00:46)
4.5.2. SCREEN: The ramp and accumulation time, total cycle time, and collision-energy range being set. 73495_screenshot_1 (00:47-01:14)
Authors: Please create screen capture videos for the shots labeled as SCREEN, create a screenshot summary, and upload all the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=22416023

5. DIA Data Processing and Protein Identification
Demonstrator: Soulaimane Aboulouard 
5.1. Load the raw diaPASEF files into DIA-NN (di-uh-n-n) version 2.1 [1]. Generate a project-specific spectral library using the library-free directDIA (direct di-uh)  workflow [2].
5.1.1. SCREEN: DIA-NN version 2.1 being launched and the raw diaPASEF files being loaded. 73495_screenshot_2 (00:09-00:20)
5.1.2. SCREEN: The library-free directDIA workflow being selected and a project-specific spectral library being generated. 73495_screenshot_2 (00:21-00:30)

5.2. Search the data against the UniProt Homo sapiens reference proteome release 2024_12 (twenty twenty-four underscore twelve) with common contaminants included [1]. Set enzyme specificity to trypsin/P and allow up to two missed cleavages [2]. Specify carbamidomethylation of cysteine as a fixed modification, and methionine oxidation as well as protein N-terminal acetylation as variable modifications [3].
5.2.1. SCREEN: The UniProt Homo sapiens reference proteome release 2024_12 being selected including common contaminants. 73495_screenshot_2 (00:31-00:45)
5.2.2. SCREEN: The enzyme specificity and missed cleavages allowances being set. 73495_screenshot_2 (00:46-00:56)
5.2.3. SCREEN: The fixed and variable modifications details being entered. 73495_screenshot_2 (00:57-01:05)

5.3. Set precursor and fragment-ion mass tolerances to 20 parts per million [1]. Retain identifications with a 1% false-discovery rate at both the precursor and protein-group levels [2].
5.3.1. SCREEN: The precursor- and fragment-ion mass tolerances being set. 73495_screenshot_2 (01:06-01:17)
5.3.2. SCREEN: The identification thresholds being determined. 73495_screenshot_2 (01:18-01:27)

5.4. Quantify proteins using MS2 (m-s-two) fragment-ion intensities, enable interference correction, and activate cross-run normalization in robust liquid chromatography mode [1].
5.4.1. SCREEN: Protein quantification using MS2 fragment-ion intensities being performed. 73495_screenshot_2 (01:28-01:34)
5.4.2. SCREEN: Interference correction and cross-run normalization being activated in robust LC mode. 73495_screenshot_2 (01:35-01:39)

6. Downstream Statistical Analysis and Visualization
Demonstrator: Yanis Zirem 
Sections 6.1 to 6.4 were replaced by additional lines in red below
6.1. Import the DIA-NN output tables into Perseus version 1.6.10.43 [1]. Log2-transform the protein intensities and retain proteins identified in at least two biological replicates per condition [2].
6.1.1. SCREEN: Perseus version 1.6.10.43  being launched, and the DIA-NN output tables being imported.
6.1.2. SCREEN: Log2 transformation being applied to the protein intensities from at least two biological replicates per condition.

6.2. Perform differential-expression analysis using a two-sample t-test [1]. Impute missing values using a low-abundance normal distribution with a width of 0.3 and a downshift of 1.8 [2]. Apply the Benjamini-Hochberg correction and use a false-discovery rate below 0.05 for significance, while reporting unadjusted p-values for exploratory comparisons [3].
6.2.1. SCREEN: Two-sample t-test being performed for differential-expression analysis.
6.2.2. SCREEN: Missing-value imputation being configured. 
6.2.3. SCREEN: Benjamini-Hochberg correction being applied at a set value of false discovery rate while reviewing the results. 

6.3. Generate Venn diagrams of shared and condition-specific proteins using InteractiVenn [1]. Perform functional-enrichment analysis using PRISM Profiler version 1.2 [2]. 
6.3.1. SCREEN: The protein lists being entered in InteractiVenn and the overlap diagram being generated.
6.3.2. SCREEN: The identified protein list being loaded into PRISM Profiler version 1.2 to perform functional-enrichment analysis.

6.4. Compare the identified proteins with the unfiltered Vesiclepedia version 5.1 dataset [1].
6.4.1. SCREEN: The identified protein list being compared against Vesiclepedia version 5.1 without additional filtering.
6.1.1 Import the DIA-NN pg.matrix.tsv output into Profiler v1.2 using the Load Tabular/Omics Data tab. 73495_screenshot_3 (00:00-01:05) 

6.1.2. Select Rename Classes in DataLab to group replicate samples into the same class (for example EV-MCF7 and EV-MDA). 73495_screenshot_3 (01:06-02:03)

6.2. Select Missing and Distribution in DataLab to assess missing values, investigate their underlying mechanism, and select the appropriate imputation strategy. 73495_screenshot_3 (02:04-03:04)

6.3. Select Preprocessing in DataLab. Set the minimum feature detection threshold to 66% to retain proteins detected in at least two biological replicates per condition. Select median imputation for missing values and log2 transformation as the normalization/transformation method. 73495_screenshot_3 (03:05-05:22)

6.4. Select Heatmap Clustering in the Biomarkers tab and perform statistical testing using a significance threshold of p < 0.05 to generate the heatmap. 73495_screenshot_3 (05:23-07:27)

6.5. Finally, perform Gene Ontology cellular-component enrichment in FunRich version 3.1.3 using the default human background, with p-values below 0.05 considered significant [1].
6.5.1. [bookmark: _GoBack]SCREEN: Gene Ontology cellular component enrichment analysis being run in FunRich version 3.1.3. 73495_screenshot_4 (00:00-01:14)

Results
7. Results 

7.1. Comparative proteomic analysis showed substantial overlap between the MCF-7 (m-c-f seven) and MDA-MB-231 (m-d-a m-b two three one) derived EV proteomes, together with smaller sets of proteins unique to each cell line [1]. 
7.1.1. LAB MEDIA: Figure 3A. Video Editor: In Panel A, highlight the central overlapping region of the Venn diagram, and use arrows to emphasize the blue MCF-7-specific and magenta MDA-MB-231-specific regions.

7.2. Gene Ontology analysis of the complete MDA-MB-231 EV dataset showed that most identified proteins were associated with extracellular vesicles, while smaller proportions were annotated to other cellular components [1]. 
7.2.1. LAB MEDIA: Figure 3B. Video Editor: In Panel B, highlight the large Extracellular vesicles bar.

7.3. Among the proteins shared by both EV preparations, the heat map revealed distinct, reciprocal relative abundance patterns between the triple-negative MDA-MB-231 and luminal A MCF-7 cell lines [1]. 
7.3.1. LAB MEDIA: Figure 3C. Video Editor: In Panel C, highlight the magenta MDA-MB-231 sample cluster and the blue MCF-7 sample clusters and use arrows to indicate the reciprocal red and green patterns between the two groups.
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