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Authors, please check the answer to the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Y______ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _2.2, 3.6, 4.3, 4.4, 4.6, 6.5, 6.6
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __4.3_________________________
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________


1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to characterize the exosomal proteome from HIV-1 infected cells. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Ming Li: This method can help answer key questions in the exosome biology field, such as the effects of external stresses on the composition of the exosomal proteome.
1.2. Ming Li: The main advantage of this technique is that it can be learned even with a limited background in proteomics and exosome biology.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Robert Williams: Though this method can provide insight into HIV-1 infection, it can also be applied to other disease studies, such as bacterial infections.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

	N.A.



Protocol (read by voice talent at JoVE):

2. Cell culture and HIV-1 Infection

2.1. The H9 cell line is used in this experiment, although various cell lines can be used as long as they are in an actively proliferating stage and are susceptible to the test condition of choice. [1-WIDE] 

2.1.1a. Talent retrieving a flask/plate of H9 cells from the incubator 
            2.1.1b. Talent taking flask to the tissue culture hood. ADDED SHOT Use both to cover 2.1 as you see fit.

2.2. Seed 2 x 106 H9 cells into each of two cell culture flasks. [1-MED-TXT] Grow one population in 10 ml of labeled medium containing 10% dialyzed FBS, 100 mg per liter 13C6 L-lysine (Voiceover: pronounced “C thirteen labeled L-lysine”) and 100 mg per liter 13C615N4 L-arginine. (Voiceover: pronounced “C thirteen and N fifteen labeled L-arginine”) [2-CU-TXT]  Grow the other population in 10 ml of unlabeled medium with 10% dialyzed FBS, L-Lysine, and L-Arginine. [3-CU-TXT]

2.2.1. Talent pipetting appropriate volume of H9 cell suspension into one of the two flasks. TEXT: 2 x 106 cells per flask.
2.2.2. Labeled medium being pipetted into one flask. TEXT: RPMI 1640 + 10 % FBS + 100 mg/L 13C6 L-lysine + 100 mg/L 13C615N4 L-arginine
2.2.3. Unlabeled medium being pipetted into the other flask. TEXT: RPMI 1640 + 10 % FBS + 100 mg/L L-lysine + 100 mg/L L-arginine

2.3. Grow the cells for six doublings at which point the proteins of the cells in the labeled medium are  more than 99% labeled with heavy amino acids. [1-MED] 

2.3.1. Talent putting the two flasks into the incubator.   Please get multiple usable takes; shot will be repeated later.

2.4. Add fresh media or change media at regular time intervals, depending on the type of cells. [1-MED-TXT] 

2.4.1. General shot of talent by hood adding fresh media to a flask of cells. TEXT: change medium for H9 cells every 3 days.

2.5. At the end of labeling, increase the culture volume to 30 ml [1-MED] to accommodate the growth of more cells. [2] 

2.5.1. Talent adding 30 ml of medium to a flask of cells (after old medium has been removed).
2.5.2. Use shot from 2.3.1.

2.6. Infect the labeled cells with the N.L. four three strain of H.I.V. one, using a standard HIV-1 (Voiceover: “H.I.V. one”) infection protocol. [1-MED] Add an appropriate amount of virus to the cells [2-CU-TXT] and incubate for 48 hours, while the unlabeled cells continue to grow in unlabeled medium without HIV-1 infection. [3-MED] 

2.6.1. Talent setting out the flask of labeled cells in the hood.  Author:  please make sure talent is wearing all the necessary personal protective equipment even though HIV will not be used for the filming. 
2.6.2. Virus being added to the cells in the flask. TEXT:  MOI of 0.3 Author:  Perform a mock up without virus on filming day. 
2.6.3. Talent putting the one flask back into the incubator, next to the flask with unlabeled cells. 

3. Exosome isolation

3.1. At the end of HIV-1 infection, the supernatants from both cell populations are harvested for exosome isolation. [1-MED] 

3.1.1. Talent retrieving the two flasks from the incubator.

3.2. Collect the supernatants of the cultures in 50-ml conical tubes, avoiding the cells. [1-CU] Centrifuge for 10 minutes at 300 x g and 4 °C to remove remaining cells. [2-MED-TXT] 

3.2.1. Supernatant from one flask being pipetted into a 50-ml conical tube.
3.2.2. Talent putting both tubes into the centrifuge and starting the spin. TEXT: Perform all steps at 4 °C with an ultracentrifuge rotor.

3.3. Collect the supernatants in new 50-ml conical tubes [1-CU] and centrifuge for 10 minutes at 2,000 x g to remove dead cells. [2-MED]

3.3.1. Supernatant from one conical tube being transferred to a new conical tube.
3.3.2. Talent putting both tubes into the centrifuge and starting the spin. 

3.4. Transfer the resulting supernatants to commercial rotor-compatible tubes that are able to withstand ultracentrifugation. [1-CU]

3.4.1. Supernatant from one 50-ml conical tube being transferred to a rotor-compatible tube.

3.5. Be sure to balance the ultracentrifuge tubes. [1-MED] Centrifuge the tubes for 30 minutes at 10,000 x g to remove cell debris. [2-MED-TXT]

3.5.1. Talent loading the two tubes into the rotor.
3.5.2. Talent closing the lid of the ultracentrifuge and starting the spin. TEXT: 30 min; 10,000 x g

3.6. Collect the supernatants in new ultracentrifuge tubes. [1-CU] Centrifuge for 70 minutes at 100,000 x g. [2-MED-TXT]

3.6.1. Supernatant from one ultracentrifuge tube being transferred to a new ultracentrifuge tube.
3.6.2. Talent putting the tubes into the ultracentrifuge and starting the spin. Please get multiple usable takes; shot will be repeated later. TEXT: 70 min; 100,000 x g 

3.7. Discard the supernatant, resuspend each exosome-rich pellet in 5 ml of fresh PBS, and transfer the solution to a fresh ultracentrifuge tube. [1-MED] Centrifuge again for 70 minutes at 100,000 x g. [2-TXT]

3.7.1. *film as written for one of the two samples.
            3.7.2  Talent putting the tubes into the ultracentrifuge and starting the spin.  TEXT: 70 min; 100,000 x g 
3.8. After the final spin, discard the supernatant. [1-CU] The cell pellets are now ready for protein extraction. [2-CU-TXT] 

3.8.1. Supernatant from one tube being discarded.
3.8.2. Close-up shot of the two tubes with their pellets visible. TEXT: If not used immediately, resuspend pellet in 50 µl of PBS and store at -80 °C.

4. Protein Extraction 

4.1. To begin this procedure, dissolve each isolated exosomal pellet in 100-200 µl of RIPA lysis and extraction buffer with added protease inhibitors that can inhibit a full range of proteases. [1-MED-TXT] 

4.1.1. Talent adding buffer to the two tubes (from 3.8). TEXT: Refer to text protocol for compositions of buffer and protease inhibitor cocktail. 

4.2. Centrifuge the dissolved solutions for 10 minutes at 13,000 x g and 4 °C. [1-MED] Transfer the cleared supernatants to new 1.5-ml microcentrifuge tubes. [2-CU]

4.2.1. Talent putting the two tubes into the centrifuge and starting the spin.
4.2.2. Supernatant from one tube being transferred to a new 1.5-ml tube.

4.3. After quantifying the protein concentration of each sample by standard assays, mix equal amounts of proteins from the labeled and unlabeled samples.  [1-MED-TXT] 

4.3.1. Talent pipetting labeled protein and unlabeled protein into a tube. TEXT: 2 µg labeled protein +  2 µg unlabeled protein

4.4. Run the equal mixture on a 4-20 % SDS-PAGE gel for 30 minutes. [1-MED-TXT] 

4.4.1. Talent loading sample on gel, then starting the electrophoresis. TEXT: 120 mA/200 V; 30 min

4.5. Stain the gel with Coomassie Blue [1-MED] followed by de-staining. [2-MED]

4.5.1. Talent adding Coomassie Blue to the gel in a tray.
4.5.2. Talent putting tray with gel already in destaining solution on a shaker.

4.6. Using a razor blade, cut the sample lane from the gel. [1-CU] Then cut the gel lane into 10 to 15 equal pieces. [2-CU] Put each piece into a fresh 1.5-ml microcentrifuge tube for a total of 10 to 15 tubes and continue with the protein extraction procedure as described in the text protocol. [3-MED-TXT]

4.6.1. *film as written.
4.6.2. *film as written.
4.6.3. Talent putting each piece of gel into a 1.5-ml tube and then placing each tube in a rack.  Please include footage of the row of tubes in the rack. TEXT: Refer to text protocol for remaining protein extraction steps.  Video editor: please make overlay text appear at the end of the footage that shows the row of tubes in the rack.

5. Proteomic Data Analysis 

5.1. The procedures for proteomic data analysis will not be demonstrated but are summarized in this flowchart. [1-LM] 

5.1.1. Panel A only of Figure 2.tif.  Please add text overlay underneath the flowchart “Refer to text protocol for details of proteomic data analysis.”

5.2. The extracted proteins are first analyzed by liquid chromatography tandem mass spectroscopy, and the quality of the data is assessed. [1-LM]

5.2.1. Panel A only of Figure 2.tif.  Draw circle around ‘Assess the quality of data’

5.3. Next the data is pretreated by removing proteins that have less than two quantified peptides. [1-LM]

5.3.1. Panel A only of Figure 2.tif.  Draw circle around ‘Pretreat data’

5.4. Significantly upregulated and downregulated proteins are then identified. [1-LM]

5.4.1. Panel A only of Figure 2.tif.  Draw circle around ‘Identify significant proteins’

5.5. Finally, the replicates of the significant candidates are compared to achieve consistency and the data from all replicates are merged. [1-LM]

5.5.1. Panel A only of Figure 2.tif.  Draw circle around ‘Compare and inspect data’

6. Bioinformatics Verification and Characterization 

6.1. To begin the characterization of the identified proteins, use their GenBank Accession numbers or UniProt IDs to search against current exosome databases; Exocarta will be used in this demonstration. [1-MED] 

6.1.1. Over the shoulder shot of talent at computer accessing http://www.exocarta.org/ Please get at least 45 seconds of footage.

6.2. Click “Query” and input either the gene or protein name or accession number. Any evidence in exosomes verifies that the candidate proteins have been previously found in exosomes and adds a layer of confidence that the candidates are indeed in exosomes. [1- SCREEN CAPTURE]

6.2.1. “Query” is clicked, info is entered, and then summary page appears with evidence in exosome.

6.3. Next search the candidates against the HIV-1 and Human Protein Interaction Database. [1-MED] On the ‘protein domain name’ entry, enter the candidates’ names or accession numbers, and click “search.” [2-SCREEN CAPTURE]

6.3.1. Over the shoulder shot of talent at computer accessing the database at www.ncbi.nlm.nih.gov/RefSeq/HIVInteractions.
6.3.2. Candidates’ names or accession numbers being entered in ‘protein domain name’ and then ‘search’ is clicked.

6.4. The search results can provide insight into the interactions between HIV-1 and the protein candidates, and suggest which of the candidates might be truly HIV-1 associated. [1- SCREEN CAPTURE]

6.4.1. Example results showing some interactions between HIV-1 and the protein candidates.  

6.5. The third step is to gain global insight on the candidates using a Gene Ontology or GO (Voiceover: pronounced “go”) analysis software such as FunRich. [1-MED] 

6.5.1. Over the shoulder shot of talent opening FunRich software.

6.6. Under enrichment analysis, click “Add Data Set”, and upload the GenBank Accession numbers or UniProt IDs of the candidates.  [1- SCREEN CAPTURE] Then select the chart type to visualize the GO analysis. [2- SCREEN CAPTURE]
 
6.6.1. “Add Data Set” being selected and then the GenBank Accession numbers or UniProt IDs being uploaded.
6.6.2. Pie chart being selected.

6.7. GO analysis results are visualized in the form of pie charts that provide information about the candidate proteins in the areas of Biological Process, Cellular Component, and Molecular Function. [1- SCREEN CAPTURE]

6.7.1. Screenshot of an example pie chart.

6.8. The next step is to identify statistically overrepresented GO terms by a DAVID (Voiceover: pronounced “David”) analysis. [1-MED] Click the “Functional Annotation Tool”, enter the candidate list and select the “Identifier” of the gene such as the “UniProt ID”.  [2- SCREEN CAPTURE] Select “Gene List” and search. [3- SCREEN CAPTURE] 

6.8.1. Over the shoulder shot of talent accessing DAVID at http://david.ncifcrf.gov/
6.8.2. “Functional Annotation Tool” is selected, candidate list is entered, and the “Identifier” is selected.
6.8.3. “Gene List” is selected followed by “Search”

6.9. When the search is complete, click the “Annotation Summary Results” page under the “Gene_Ontology” category to view the enriched GO terms, p-values, and other parameters. [1- SCREEN CAPTURE]

6.9.1. “Annotation Summary Results” being clicked and the results displayed.

6.10. Finally, investigate potential protein-protein interactions and possible biochemical pathways using the openly accessible STRING database. [1-MED] Input the protein ID or sequence into the designated search box and select the correct species for analysis. [2-SCREEN CAPTURE] 

6.10.1. Over the shoulder shot of talent accessing the database at http://string-db.org/
6.10.2. Protein ID/sequence is entered into the search box and the correct species is selected.

6.11. Click “Search”. The results will give information on both direct and indirect associations. The top ten known matches for the exosomal candidate displayed in the results should be considered for significant candidate selection. [1- SCREEN CAPTURE]

6.11.1. “Search” is clicked and results are displayed. 

SCREEN CAPTURES:  Authors: if we are going to show how techniques are performed on computers, you will be asked to make movie files of the software in use.  Filming screens from a video camera often results in artifacts due to the screen refresh. When you receive the final script, and a shot is listed a “SCREEN CAPTURE” you will need to make a movie file of the actions required.  Make exactly one file per requested SCREEN CAPTURE containing only the requested actions.  Do not bundle several action sequences into one large file.  Name the file according to the shot number.  Then, upload each of these files to your project folder.

7. Results: SILAC is an effective method for analyzing the effects of HIV-1 infection on host exosomal proteomes

7.1. Representative results from a DAVID analysis of a set of fourteen proteins are shown. [1-LM]

7.1.1. Panels A, B, C of Figure 5.tif

7.2. The Biological Process enrichment indicated that cell death related processes are significantly enriched. [1-LM] The Cellular Component enrichment shows many proteins with an intracellular origin, [2-LM] and the Molecular Function enrichment identified a role in protein binding for most of the candidates. [3-LM]

7.2.1. Show panel A only of Figure 5.tif. 
7.2.2. Show panel B only of Figure 5.tif. 
7.2.3. Show panel C only of Figure 5.tif. 

7.3. L-lactate dehydrogenase B chain or LDHB was selected as the most significant candidate and STRING analysis identified the top ten interacting partners of LDHB. [1-LM] The majority of LDHB partners were also functionally and locationally related to exosomes and HIV-1.  [2-LM]

7.3.1. Show panel D only of Figure 5.tif.
7.3.2. Add panel E next to panel D of Figure 5.tif.


8. Conclusion (said by authors on camera)
8.1. Robert Williams: Once mastered, this technique can be done in one week if it is performed properly.
8.2. Robert Williams: While attempting this procedure, it’s important to remember to perform each step at the right temperature and condition. 
8.3. Gloria Mensah: Following this procedure, other methods like affinity isolation can be performed in order to confirm the predictions of the bioinformatics analyses. 
8.4. Gloria Mensah: After its development, this technique paved the way for researchers in the exosomal field to explore the changes in exosomal proteome associated with HIV-1 infections biology.
8.5. Ming Li: After watching this video, you should have a good understanding of how to isolate exosomes from cell cultures, analyze their proteomes, and investigate their association with HIV-1.
8.6. [bookmark: _GoBack]Ming Li: Don't forget that working with HIV-1 or other infectious agents can be extremely hazardous and precautions such as wearing personal protective equipment should always be taken while performing this procedure.
   

Provided Media

5.1-5.5. Panel A only of Figure 2.tif
Section 6:  screen capture files to be provided by author.
7.1-7.3. Figure 5.tif.


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
 2013, Journal of Visualized Experiments

