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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Y
Can you record movies/images using your own microscope camera? (Y/N) Y
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: 

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? Y 

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.) Steps: 6.3, 6.4, 6.5, 6.6, 6.7 and 6.8.
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.) N/A
E.  Will the filming need to take place in multiple locations? Y If yes, how far apart are the locations? 5 min by walk.
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 spectral cytometry technique is to distinguish different fluorochromes using their entire emission spectra. Moreover, this protocol enables implementation of auto-fluorescence as an independent parameter allowing for a proper analysis of cells isolated from solid organs.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Sandrine Schmutz: This method can help answer key questions in the fields of Immunology and Developmental or Stem Cell Biology, such as how to identify rare cell populations [1-MED]. 
1.1.1. Sandrine speaks toward camera, interview style.

1.2. Sandrine Schmutz: The main advantage of this technique is its unique capacity to simultaneously analyze a large number of parameters and manage the auto-fluorescence of solid tissues [1-MED].
1.2.1. Sandrine speaks toward camera, interview style.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Mariana Valente: Although this method is used for preparation of a single cell suspension derived from intestine and heart, it can also be applied to other organs, such as lung, skeletal muscle, liver, fat and kidney [1-MED].
1.3.1. Mariana speaks toward camera, interview style. (take 3)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving animal subjects have been approved by the French Agriculture Ministry and were performed according to the Pasteur Institute Ethic Charter and the EU guidelines.
Protocol: (read by voice talent at JoVE)
2. Intestinal Cells Isolation 
2.1. To begin, isolate and wash the small intestine from an adult mouse [1-WIDE-TXT]. Then, place the tissue on a paper towel [2-MED-over the shoulder] and, using sharp scissors, carefully remove the Peyer’s patches [3-ECU].
2.1.1. Talent places a dish containing the intestine on a lab bench and washes the tissue with PBS. TEXT: See text protocol for details on small intestine preparation. (CU at the end)
2.1.2. Talent places the tissue on a paper towel.

2.1.3. Show how the Peyer’s patches are removed.
2.2. Open the intestine by cutting it longitudinally and divide it into 1-cm pieces [1-CU]. Then, transfer the tissue to a beaker filled with 30 mL of HBSS supplemented with 10% FCS [2-MED-over the shoulder] and incubate it at 37 °C with constant stirring for 30 min [3-MED].
2.2.1. Show how the intestine is being opened and cut into pieces.
2.2.2. Show Talent transferring the tissue to a beaker filled with HBSS. (CU at the end)
2.2.3. Talent places the beaker in an incubator. Please show incubation settings, if possible.
2.3. Once the incubation is completed, transfer the cell suspension to a 50-mL plastic tube [1-MED-over the shoulder] and vigorously vortex it for 5 min [2-CU]. Then, incubate the suspension on ice for 10 min to allow large non-dissociated fragments to sediment [3-MED].
2.3.1. Talent transfers the suspension into a 50-mL tube. (take 2)
2.3.2. Show how the suspension is vortex for 5-10 sec.

2.3.3. Show the tube being incubated on ice.
2.4. Afterward, transfer the supernatant to a new tube [1-MED-over the shoulder] and spin the cells at 120 x g for 7 min [2-MED-TXT]. Once pelleted, resuspend the cells in 10 mL of 1% FCS in HBSS [3-CU] and count them using a Neubauer chamber [4-MED-over the shoulder]. 
2.4.1. Talent pipettes the supernatant into a new tube. (take 2)
2.4.2. Talent places the tube in a centrifuge. TEXT: 120 x g, 7 min (take 2)
2.4.3. Show how the pellet is being resuspended in HBSS. (take 2)
2.4.4. Talent counts the cells under a microscope. 
3. Cell Staining 
3.1. Prior to cell staining, transfer 1 x 106 intestinal cells to a 5-mL tube, to prepare negative control [1-MED].
3.1.1. Talent pipettes the cell suspension into a 5-mL tube labeled as negative control.
Authors, please label all tubes prior to filming.
3.2. To prepare a sample, add 1 x 106 of intestinal cells followed by 2 mL of HBSS with 1% FCS to a new 5-mL tube [1-CU] and centrifuge the suspension at 120 x g at 4 °C for 5 min [2-MED-over the shoulder]. 
3.2.1. Show how the cell suspension and HBSS are added to a 5-mL tube.
3.2.2. Talent places the tube in a centrifuge. Please show centrifuge settings in frame.
3.3. After discarding the supernatant, resuspend the cells in 50 μL of the antibody solution [1-CU-TXT], wrap the tube in aluminum foil [2-MED] and incubate the sample at 4 °C in for 20 min [3-MED-over the shoulder].
3.3.1. Show how the pellet is resuspended. TEXT: See text protocol for details on antibody solution preparation.
3.3.2. Talent wraps the tube in aluminum foil.

3.3.3. Talent places the tube in a refrigerator.
3.4. Once the incubation is completed, add 2 mL of 1% FCS in HBSS to the sample [1-MED] and centrifuge it at 120 x g 4 °C for 5 min [2-MED-over the shoulder-TXT]. Discard the supernatant and resuspend the pellet in 200 μL of 0.5 μg/mL propidium iodide solution [3-CU-TXT]. 
3.4.1. Talent adds HBSS to the tube.
3.4.2. Talent places the tube in a centrifuge. TEXT: 120 x g 4 °C, 5 min
3.4.3. Show the pellet, show how the pellet is resuspended in the solution. TEXT: See text protocol for details on propidium iodide solution preparation.
4. Preparation of Cell Suspension from Embryonic Mouse Heart
4.1. After decapitating a mouse embryo, soak its body in a petri dish lined with a pre-wet paper towel and filled with 50 mL of 1% FCS in HBSS [1-MED-TXT]. 
4.1.1. Talent places the embryo body in a petri dish lined with paper towel and filled with HBSS. TEXT: See text protocol for details on mouse embryo isolation.
4.2. Under a stereomicroscope, make an incision on the right side of the embryos chest and carefully open the thorax avoiding damaging the heart [1-LM].
4.2.1. To be provided by the authors. Please provide the video showing how the incision is made and how the thorax is opened.
4.3. Seize the great vessels and pull out the heart connected to the lungs and the thymus [1-scope]. Transfer the organs to a 35 mm petri dish filled with 2 mL of 1% FCS in HBSS [2-MED-over the shoulder]. Then, isolate the heart from the surrounding organs and connective tissue [3-scope].
4.3.1. To be provided by the authors. Please provide the video showing how the great vessels are seized and how the organs are pulled out from the body. (with 4.2.1) (take 2 :vessel more visible, else take 3)
4.3.2. Talent transfers the isolated organs into a petri dish filled with HBSS solution.
4.3.3. Show how to isolate the heart.
4.4. After washing the heart, soak it in 1 mL of pre-warmed enzymatic solution [1-ECU-TXT] and using fine forceps and a scalpel, mince the organ into 1 mm3 pieces under a stereomicroscope [2-LM]. 
4.4.1. Show how the heart is soaked in the solution. TEXT: See text protocol for details on heart washing procedure.
4.4.2. To be provided by the authors. Please provide the video showing how the tissue is being cut into pieces.
4.5. Add an additional 1 mL of pre-warmed enzymatic solution [1-CU] and transfer the fragmented tissue to a capped 5-mL tube [2-MED-over the shoulder]. Incubate the sample in a horizontal position at 37 °C for 15 min [3-MED].
4.5.1. Show the solution being added to the tissue.
4.5.2. Talent pipettes the suspension to a 5-mL tube and covers the tube with a cap. (take 2)
4.5.3. Talent positions the tube horizontally in an incubator. Please show incubation settings, if possible.
4.6. Once the incubation is completed, homogenize the tissue by repetitive pipetting of the suspension with a P1000 pipette [1-CU-TXT]. Then, set the samples positioned vertically aside until the fragments of the undigested tissue sediment [2-MED].
4.6.1. Show how the suspension is being pipetted 2-3 times. TEXT: Pipette the suspension approx. 20x.
4.6.2. Talent positions the tube vertically in a rack
4.7. Transfer the supernatant to a 50-mL tube, add 2 mL of 10% FCS in HBSS and keep the isolated cells on ice [1-MED-over the shoulder].
4.7.1. Talent pipettes the suspension and HBSS to a tube, then places the tube on ice. (take 2)
4.8. Next, add 2 mL of pre-warmed enzymatic solution to the 5-mL tube containing the undigested tissue sediment [1-CU] and continue to digest the tissue as shown previously until no remaining tissue is observed [2-MED-over the shoulder].
4.8.1. Show the solution being added to the tissue.
4.8.2. Talent places the tube in an incubator.
4.9. Centrifuge the obtained cell suspension at 300 x g for 10 min [1-MED]. Then, discard the supernatant… [2-MED-over the shoulder] and resuspend the cells in 1 mL of 1% FCS in HBSS free of calcium and magnesium cations [3-CU].
4.9.1. Talent places the tube in a centrifuge. Please show centrifuge settings if possible.
4.9.2. Talent discards the supernatant from the tube. (take 2)
4.9.3. Show the cell pellet and how it is resuspended in HBSS.
5. Cardiac Cell Staining 
5.1. To stain the cardiac cells, transfer 200 μL of the cell suspension into wells of a round bottom 96-well plate [1- MED-over the shoulder]. Centrifuge the plate at 480 x g for 1 min [2-MED], and discard the supernatant [3-CU].
5.1.1. Talent pipettes the suspension to 2 – 3 wells of a 96-well plate.
5.1.2. Talent places the plate in a centrifuge. Show the centrifuge settings, if possible.

5.1.3. Show how the supernatant is discarded from the plate.
5.2. Next, resuspend the pelleted cardiac cells in 100 μL of the antibody solution [1-CU-TXT], wrap the plate in aluminum foil and incubate it at 4 °C for 20 min [2-MED-over the shoulder].
5.2.1. Show the solution being discarded from the plate. TEXT: See text protocol for details on antibody solution preparation.
5.2.2. Talent places the plate wrapped in aluminum foil in a refrigerator.
5.3. Once the incubation is completed, wash the cardiac cells with 200 μL of 1% FCS in calcium and magnesium-free HBSS [1-CU] and centrifuge the suspension at 480 x g for 1 min [2-MED].
5.3.1. Show HBSS being added to the plate.
5.3.2. Talent places the plate in a centrifuge. Please show the settings if possible.
5.4. Then, resuspend the cells in 200 μL of 1% FCS in HBSS free of calcium and magnesium ions [1-MED-over the shoulder] and transfer the suspension to a 5-mL tube pre-filled with 200 μL of 1% FCS in calcium and magnesium-free HBSS [2-MED].
5.4.1. Talent pipettes HBSS to 2-3 wells of the plate.
5.4.2. Talent transfers the suspension from one well to a tube filled with HBSS.
5.5. Finally, add 400 μL of 1% FCS in HBSS free of calcium and magnesium cations containing 0.5 μg/mL propidium iodide [1-MED-over the shoulder] and filter the cell suspension through a 70-μm nylon mesh [2-CU].
5.5.1. Talent adds propidium iodide solution to the tube.
5.5.2. Show how the suspension is filtered.
6. Data Acquisition and Analysis
6.1. To visualize the cells, load the stained sample to a flow cytometer [1-MED] and click “Preview”, then record up to 2 x 106 events in the sample by clicking “Acquire” [2-SCREEN-TXT].
6.1.1. Talent loads the sample to the flow cytometer.
6.1.2. Authors, please provide a screen capture video showing how “Preview” and “Acquire” options are clicked. TEXT: Record 2 x 106 events. (take 2)
6.2. In the “Analysis” tab open “Color Palette” window and register all studied parameters by adding the fluorochrome along with its corresponding marker. Make sure to include auto-fluorescence and viability parameters [1-SCREEN].
6.2.1. Authors, please provide a screen capture video showing how all the parameters are being defined. Please make sure to show actions in the order provided above. (take 2)
6.3. In the “Control” window, within “Tube List” analyze the first single stained sample containing compensation beads. Then, in the worksheet, click on the “polygon design tool” and gate the bead population in the FSC/SSC plot [1-SCREEN-TXT]. 
6.3.1. Authors, please provide a screen capture video showing how to analyze the first single stained sample and how to gate the bead population. TEXT: See text protocol for details on compensation beads staining.
6.4. Double-click on the gate to create a daughter plot of the gated beads, and then gate positive and negative beads separately [1-SCREEN]. 
6.4.1. Authors, please provide a screen capture video showing how the daughter plot is created and how positive and negative beads are gated. (some of 6.5.1 at the end)
6.5. Verify the selected daughter population by successive gating and elimination of outliers in each positive and negative fraction. Then, upload the negative and positive gates in the “Unmixing” window [1-SCREEN].
6.5.1. Authors, please provide a screen capture video showing how to verify the daughter population and how to upload the negative and positive gates in “Unmixing window”.
6.6. Next, select the unstained cell sample in the “Tube List” and design separate gates for auto-fluorescent and non-autofluorescent cells [1-SCREEN].
6.6.1. Authors, please provide a screen capture video showing how the sample is selected and how the gates are created.
6.7. Once the negative and positive gates are defined for all parameters, including auto-fluorescence and viability, click on “Calculate.” Then, apply unmixing to the analyzed samples [1-SCREEN].
6.7.1. Authors, please provide a screen capture video showing the view of all defined parameters, how the calculation is initiated and how the unmixing is applied.
6.8. To analyze data, gate the cells in a plot of SSC versus FSC and exclude propidium iodide-stained dead cells. Finally, determine gates for all populations of interest [1-SCREEN].
6.8.1. Authors, please provide a screen capture video showing how to gate the cells, how to exclude dead cells and how to gate the population of interest.
7. Results: Spectral Cytometry-based Characterization of Embryonic Cardiac Cells 
7.1. Presented here are results of flow cytometry… and spectral cytometry analyses of the cells isolated from fetal heart [1-LM] and stained with anti-TER119, anti-CD45 [2-LM] and anti-Sca-1 antibodies [3-LM]. 
7.1.1. Figure 4A, 55578fig4.jpg: Show the graphs from the first row, labeled as Instrument A, Instrument B and Spectral. 
7.1.2. Figure 4A, 55578fig4.jpg: Show figure from step 7.1.1. Highlight y axes. 
7.1.3. Figure 4A, 55578fig4.jpg: Show figure from step 7.1.1. Highlight x axis.
7.2. A subset of auto-fluorescent cells was detected by two conventional cytometers [1-LM], while in spectral cytometry these cells were not defined as auto-fluorescent [2-LM] and were comprised in CD45- Terr119- (Pronounced: C-D forty five negative Terr one hundred nineteen negative) population [3-LM].
7.2.1. Figure 4A, 55578fig4.jpg: Show figure from step 7.1.1. Highlight black arrows and a green elliptic frame.
7.2.2. Figure 4A, 55578fig4.jpg: Show figure from step 7.1.1. Highlight orange arrow in Spectral graph.
7.2.3. Figure 4A, 55578fig4.jpg: Show figure from step 7.1.1. Highlight rectangular frame in Spectral graph.
7.3. The cells identified by conventional flow cytometry as auto-fluorescent [1-LM], but not CD31+ cells [2-LM], were then analyzed for the expression of the transcripts specific to cardiomyocytes [3-LM]. 
7.3.1. Figure 4A, 55578fig4.jpg: Please show two graphs labeled as Instrument B from Figure 4A (add corresponding labels to the axes). Highlight green frame. 
7.3.2. Figure 4A, 55578fig4.jpg: Show figure from step 7.3.1. Highlight blue frame.
7.3.3. Figure 4A, 55578fig4.jpg: Show figure from step 7.3.1. Highlight black rectangular frame in the second graph.
7.4. High levels of cardiac troponin… [1-LM] and atrial myosin light chain transcripts [2-LM] were found in auto-fluorescent cells population, confirming that a large subset of cardiomyocytes is missed in conventional flow cytometry [3-LM]. 
7.4.1. Figure 4B, 55578fig4.jpg: Show both graphs from Figure 4B. Highlight data plot for AutoF in TNNT2 graph.

7.4.2.  Figure 4B, 55578fig4.jpg: Show figure from step 7.4.1, highlight data plot for AutoF in MYL7 graph.
7.4.3. Figure 4B, 55578fig4.jpg: Show figure from step 7.4.1.
8. Conclusion (said by authors on camera)
8.1. Mariana Valente: Once mastered, this technique can be done in approximately 8 hours if it is performed properly [1-MED].
8.1.1. Mariana speaks toward camera interview style.

8.2. Mariana Valente: While attempting this procedure, it’s important to remember that all steps should be performed on ice and in a timely manner to ensure cells remain viable [1-MED].
8.2.1. Mariana speaks toward camera interview style. (Video Editor: shot 4.7.1 could be used in place of video of author here.)
8.3. Mariana Valente: Following this procedure, intracellular proteins and analysis of additional surface markers can be performed in order to answer questions regarding specific molecular pathways [1-MED].
8.3.1. Mariana speaks toward camera interview style. (last one)
8.4. Mariana Valente: This technique paved the way for researchers in the fields of Immunology and Developmental or Stem Cell Biology to explore and isolate rare populations from different organs [1-MED].
8.4.1. Mariana speaks toward camera interview style.
8.5. Sandrine Schmutz: After watching this video, you should have a good understanding of how to isolate and stain cells from solid tissues and how to analyze surface marker expression by spectral flow cytometry that overcomes limitations resulting from cell autofluorescence [1-MED].
8.5.1. Sandrine speaks toward camera, interview style. (take 2)
8.6. Sandrine Schmutz: Don't forget that working with propidium iodide can be extremely hazardous and precautions such as the use of PPE should always be taken while performing this procedure [1-MED]. 
8.6.1. Sandrine speaks toward camera, interview style. (Video Editor: shot 4.7.1 could be used in place of video of author here.)
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

7.1-7.4 – 55578fig4.jpg – flow cytometry analysis of cardiac cell populations and transcript expression analysis 
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.
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