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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? 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.
Authors: Please upload the screen captured files through the submission link.
C. Which steps of from the protocol section below will viewers benefit most from having filmed? 
2.1.-2.6.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.3., 2.5.
E. Will the filming need to take place in multiple locations? Y, same floor different rooms
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the significance of your method to the viewer. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Chia-Lin Hsu: This method can help answer key questions in the immunometabolism field. 

1.2. Chia-Lin Hsu: The main advantage of this technique is that it allows the quantification of mitochondria or lysosomes in individual living cells in a complex mixture of different cell types.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Ivan Dzhagalov: This method for studying T and B cells can also be applied to many other cell types, such as macrophages, dendritic cells, or any primary cells harvested from tissue samples.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Chia-Lin Hsu: The procedure will be demonstrated by Chin-Wen Wei, a grad student from my laboratory. 

1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.5. The entire mouse tissue harvest procedure described here has been approved by the Institutional Animal Care and Use Committee (IACUC) of National Yang-Ming University.
Protocol: (read by voice talent at JoVE)
2. Mitochondria and Lysosome Labeling
2.1. To label the organelles for quantification, first add 1 x 106 mouse T cells to one round-bottom FACS tube per marker [1-WIDE-TXT] and pellet the cells by centrifugation [2-MED-TXT].

2.1.1. Talent adding cells to tube(s) (TEXT: See text for T cell isolation details)

2.1.2. Talent adding tube(s) to centrifuge (TEXT: 5 min, 300 x g, 4 °C)

2.2. Aliquot pre-warmed to 37-degree Celsius serum-free culture medium [1-MED-TXT] to Dilute dilute the organelle-specific probe stock solutions to final working concentrations in 37-degree Celsius serum-free culturethe medium [12-MED-TXT] and resuspend the cells in 100 microliters of probe dye per tube [2-CU]. 
2.2.1. Talent adding medium to tube of dye, with tube labels visible in frame dye containers visible in frame (TEXT: See text for all reagent/medium preparation details)

2.2.2. Dye being added to tube with medium, with dye containers visible in frame tube labels visible in frame (e.g. “Lysosome dye” or similar appropriate)

2.2.3. Added shot as 2.2.2a: Talent adding dye in medium to the tube with cells

[Author comment: The changes are to clarify the sequence of actions – first add medium to a tube, then dilute the dye to get the working concentration and finally add the working concenteration of the dye to the cells].
2.3. Next, incubate the cells in a cell culture incubator for the appropriate staining period [1-MED], stopping the reaction at the end of the incubation with 1 milliliter of ice-cold FACS buffer per tube [2-CU].
2.3.1. Talent adding tube(s) to incubator

2.3.2. FACS buffer being added to tube(s), with FACS buffer container and tube labels visible in frame

2.4. Then, collect the cells with another centrifugation [1-MED] and resuspend the pellets in 100 microliters of pre-titrated 2.4G2 (two-four-G-two) hybridoma supernatant on ice [2-MED].

2.4.1. Talent adding tube(s) to centrifuge

2.4.2. Talent adding hybridoma to tube(s), with hybridoma container visible in frame

2.5. After 10 minutes, wash add the cells with 1 milliliter of FACS buffer per tube [1-CU], collect the cells by centrifugation [2-MED] and label the cells with 50 microliters of the pre-titrated fluorescence-conjugated antibody cocktail of interest [32-CU] at the appropriate concentration according to the table [34-LM] in FACS buffer for 20 minutes on ice protected from light [45-MED].

2.5.1. FACS buffer being added to tube(s), with FACS buffer container and tube labels visible in frame

2.5.2. Added shot as 2.5.1a: Adding tubes to centrifuge.

2.5.3. Antibody being added to tube, with antibody container labels visible in frame

2.5.4. Table 1.xlsx: no animation
2.5.5. Talent covering tubes [Author comment: In our previous description, “wash” meant adding FACS buffer to tube and centrofuging the tube to collect the cells.  We added a shot with the centrifugation step to clarify the sequence of events.]
2.6. At the end of the incubation, wash the cells inadd 1 milliliter of FACS buffer per tube [1-CU], collect the cells by centrifugation [2-MED] and resuspend the cells in 300 microliters of FACS buffer supplemented with 1 microgram/milliliter of propidium iodide [23-CU].
2.6.1. FACS buffer being added to tube(s), with FACS buffer container and tube labels visible in frame

2.6.2. Added shot as 2.6.1a: Adding tubes to centrifuge. [Same as for 2.5.2]
2.6.3. PI being added to tube(s), with PI container label visible in frame
3. Flow Cytometric Analysis
3.1. Immediately after adding the nuclear and chromosome counterstain, turn on the flow cytometer analysis computer [1-WIDE], flow cytometer [2-MED], FACS acquisition software, and any other accessory devices depending on the machine platform [23-MED].
3.1.1. Talent turning on computer

3.1.2. Talent turning on other instrument(s)the flow cytometer
3.1.3. Added shot as 3.1.2a: Talent starting FACS acquisition software.

3.2. Run PBS through the system for about 1 minute to ensure that the flow line is filled with PBS and sheath buffer [1-MED], confirming that the flow stream runs smoothly [2-CU].

3.2.1. Talent running PBS through system

3.2.2. Shot of flow stream running smoothly

3.3. Open a new experiment and set the cytometer parameters according to the manufacturer’s instruction [1-MED-over the shoulder].
3.3.1. Talent opening experiment/setting parameters, with monitor visible in frame

3.4. Filter the cells through a 70-micrometer cell strainer [1-MED] and vortex prior to the acquisition of each sample to avoid clumps and doublet formation [2-CU].
3.4.1. Talent filtering cells through strainer

3.4.2. Tube being vortexed
3.5. Open the “Auto-compensation” setting and create dot plots for each fluorescent parameter [1-SCREEN-TXT].

3.5.1. *To be provided by Authors: Shot of dot plot for each fluorescent parameter (TEXT: Use unstained cells for background single/FMO to adjust voltages for each fluorescent signal)

3.6. After all of the voltages have been set, adjust the compensation and apply the compensation to the samples [1-SCREEN].
3.6.1.  *To be provided by Authors: Compensation being adjusted, then compensation being applied to sample(s)

3.7. Create a forward scatter versus side scatter plot and optimize the voltages so the cells of interest appear within the plot [1-SCREEN].
3.7.1. *To be provided by Authors: plot being created, then voltages being optimized

3.8. Create a forward scatter-area versus forward scatter-height plot and gate the single cells [1-SCREEN].
3.8.1. *To be provided by Authors: plot being created, then single cells being gated

3.9. Create a forward scatter-area versus side-scatter area plot and gate the lymphocytes [1-SCREEN].

3.9.1. *To be provided by Authors: plot being created, then lymphocytes being gated

3.10. Create a forward scatter-area versus propidium iodide plot and gate the live cells [1-SCREEN].

3.10.1.  *To be provided by Authors: plot being created, then PI- cells being gated
3.11. After all of the voltages have been set, adjust the compensation and apply the compensation to samples [1-SCREEN].
3.11.1.  *To be provided by Authors: Compensation being adjusted, then compensation being applied to sample(s)

3.12. Then load the first sample tube [1-MED], create the appropriate cell surface marker plots, and collect at least 1000 events of the population of interest [2-SCREEN].

3.12.1.  Talent loading tube

3.12.2.  3.11.2_Figure 1.ai
3.13. When all of the samples have been run, export the flow data for subsequent analysis and save the experiment as a template to preserve the cytometer settings and parameters for similar experiments in the future [1-SCREEN].
3.13.1.  *To be provided by Authors: Data being exported, then template being saved
4. Results: Representative Mitochondria and Lysosome Detection
4.1. Thymocyte mitochondrial contents are the lowest in double negative 1 T cells [1-LM], peak at double negative stages 2 and 3 [2-LM], and slightly decrease in double negative stage 4 [3-LM], with double positive thymocytes demonstrating even lower numbers of mitochondria [4-LM] than CD4 and CD8-single positive thymocytes [5-LM], suggesting that the mitochondrial contents fluctuate during development [6-LM].
4.1.1. 58844_Figure2.ai: JoVE Video Editor: please show only left column of graphs and emphasize red DN1 data line
4.1.2. 58844_Figure2.ai: JoVE Video Editor: please show only left column of graphs and emphasize red DN2 and DN3 data lines
4.1.3. 58844_Figure2.ai: JoVE Video Editor: please show only left column of graphs and emphasize red DN4 data line
4.1.4. 58844_Figure2.ai: JoVE Video Editor: please show only left column of graphs and emphasize red DP data line
4.1.5. 58844_Figure2B.ai: JoVE Video Editor: please show only CD4 and CD8 graphs and emphasize red CD4 and CD8 data lines
4.1.6. 58844_Figure2B.ai: JoVE Video Editor: please show only CD4 and CD8 graphs
4.2. CD4 and CD8 single positive thymocytes [1-LM] exhibit a higher mitochondrial mean fluorescence intensity than splenic CD4 or CD8 T cells [2-LM], suggesting that naive T cells that recirculate in the oxygen-rich blood environment have an even lower mitochondrial mass than thymocytes [3-LM].

4.2.1. 58844_Figure2B.ai: JoVE Video Editor: please emphasize red CD4 and CD8 Thymus data lines

4.2.2. 58844_Figure2B.ai: JoVE Video Editor: please emphasize red Naïve CD4 and CD8 data lines

4.2.3. 58844_Figure2B.ai: no animation

4.3. Interestingly, this reduction of mitochondrial contents is more prominent in the CD8 than the CD4 T cell lineage [1-LM] and the T cell activation further decreases the presence of these organelles [2-LM].
4.3.1. 58844_Figure2B.ai: JoVE Video Editor: please emphasize CD8 graph column

4.3.2. 58844_Figure2B.ai: JoVE Video Editor: please emphasize red data lines in Memory and Effector graphs

4.4. Relatively low, but detectable, lysosomal contents are observed in all thymocyte populations [1-LM], with a more prominent presence in double negative 1 thymocytes [2-LM].

4.4.1. 58844_Figure3A.ai: no animation

4.4.2. 58844_Figure3A.ai: JoVE Video Editor: please emphasize green data line in DN1 graph

4.5. In the periphery, a relatively high number of lysosomes are detected in memory and effector CD8+ T cells [1-LM].
4.5.1. 58844_Figure3B.ai: JoVE Video Editor: please emphasize green data line in memory and effector CD8 graphs

5. Conclusion (said by authors on camera):
5.1. Chia-Lin Hsu: Combining organelle-specific dyes and surface markers with flow cytometry is a powerful way to characterize the metabolic status of cells in a complex mixture.  

5.2. Chia-Lin Hsu: Additional organelle-specific dyes can be used to detect the endoplasmic reticulum, autophagic vacuoles, or other intracellular compartments of interest.
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
3.11.2_Figure 1

58844_Figure2.ai

58844_Figure2A.ai

58844_Figure2B.ai

58844_Figure3A.ai

58844_Figure3B.ai
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 in the email accompanying the finalized script.
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