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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.

C. Which steps of your protocol will viewers benefit most from having filmed? 
3.1., 4.2.-4.6.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.6. Precise and reproducible cell counts and sample injection are critical for reproducible experiments 
E. Will the filming need to take place in multiple locations? N
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 goals of this procedure are to analyze the metabolic activity of a biological sample and to determine the extent that anaerobic pathways contribute to the cellular energy production within the sample. (Intro)
B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Robert Skolik: This method can help answer key questions in the pharmaceutical field about the extent of mitochondrial toxicity during drug development. 
1.2. Robert Skolik: The main advantage of this technique is that it facilitates the simultaneous measurement of oxygen consumption and heat production in a cell sample of interest.  

C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.3. Michael A. Menze: Though this method can provide insight into treatment planning during pharmaceutical development, it can also be applied to other fields, such as cryobiology, in which the effects of metabolic preconditioning on cryopreservation can be assessed.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E. Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol: (read by voice talent at JoVE)
2. Respirometer and Calorimeter Preparation
2.1. To prepare the respirometer, first add 2.2 mL of DMEM (D-M-E-M) to each respirometer chamber [1WIDE-TXT] and fully insert the stoppers [2-MED].

2.1.1. Talent adding medium to one chamber (TEXT: See text for all medium/reagent preparation details)
2.1.2. Shot of Talent inserting one stopper
2.2. Adjust the stoppers with a stopper spacer tool to allow optimal oxygen diffusion to the medium [1-CU] and set the chambers to continuously stir the samples at 750 rpm at 37 °C [2-CU] until the oxygen concentration [3-LM] and the oxygen flux are stable [4-LM].
2.2.1. One stopper being adjusted

2.2.2. One chamber being stirred

2.2.3. 2-8-17- Good Calibtration.png: please trace/indicate blue line
2.2.4. 2-8-17- Good Calibtration.png: please trace/indicate red line
2.3. Confirm that the respirometer software is programmed to account for the oxygen solubility of the medium used in the experiment [1-MED-over the shoulder].

2.3.1. Talent checking software, with monitor visible in frame
2.4. Then select a stable portion of the oxygen concentration trace and calibrate this portion for 100% air saturation [1-SCREEN-TXT]. 
2.4.1. *To be provided by Authors: Stable portion being selected, then portion being calibrated for 100% air saturation, then portion being calibrated for 0% saturation (TEXT: Alternative: Calibrate after 230 mM Na2S2O4 injection) (Author Comment: Only the 100% air saturation calibration is performed prior to the experiment. The 0% is performed at the conclusion of the experiment after cells have consumed all oxygen in the chamber. I would suggest making the 0% calibration a “note” and not an actual step.) (Editor: For the time being, I’ve just removed all mention of the 0% calibration)
2.5. Now close the stoppers, taking care that no bubbles are present in the chambers [1-CU-TXT]. After about 10 minutes, a stable oxygen flux should be observed [2-LM].
2.5.1.  Stopper being closed (TEXT: Slight O2 flux increase will be detected in closed chambers)
2.5.2. 2-8-17- Good Calibtration.png: no animation OR trace/indicate red line

2.6. Add 2.5 mL of deionized water to the reference ampule of the calorimeter [1-MED] and tighten the cap [2-CU-TXT].

2.6.1. Talent adding water to reference ampule

2.6.2. Cap being tightened (TEXT: Tighten w/ pliers as necessary)
2.7. Clean the sealed ampule with air [1-ECU] and slowly lower the ampule to position 1 in the reference channel of the calorimeter [2-CU].
2.7.1. Ampule being cleaned 
2.7.2. Ampule being lowered to position 1

2.8. After 15 minutes at position 1, lower the ampule to position 2 [1-CU].
2.8.1.   Ampule being lowered to position 2 (Author Comment: 2.8 was not filmed. We are modifying the protocol. After the reference ampule is at position 1, it will remain there until sample is lowered to position 1. Then, after the sample has remained at position 1, both the sample ampule and the reference ampule will be simultaneously lowered to position 2. This will likely need to be changed in the manuscript.)
3. Human Hepatocellular Carcinoma (HepG2) Cell Preparation
3.1. Before preparing the hepatocellular carcinoma cells, first add 3 mL of 37 °C-medium per ampule to be used in the analysis to a sterile, 100-mm plate [1-WIDE] and place the plate in a CO2 incubator until the samples are ready for calorimetry [2-MED].

3.1.1. Talent adding medium to plate, with medium container visible in frame

3.1.2. Talent adding plate to incubator

3.2. While the medium is equilibrating, use an inverted microscope to select a 60-80% confluent HepG2 (hep-G-two) cell culture with a homogenous cell distribution [1-MED].
3.2.1. Talent at microscope, looking at cell culture

3.3. First, remove the cell culture medium and wash the cells two times with 10 mL of PBS [1-CU]. Add 3 mL of pre-warmed trypsin at 37 °C, and incubate the plate at 37 °C [2-MED]. 
3.3.1. Plate being washed, with PBS container label visible in frame
3.3.2. Talent adding trypsin to plate, with trypsin container visible in frame (Author Comment: We incubate at 37C for 7 min. It is worded as though we add trypsin that is 37C and let it sit in the culture hood. Instead, we warm the trypsin to 37C, add it to the plate, then place the plate in the incubator which is also 37C) (Editor: I’ve changed the wording in 3.3 and in 3.4 a bit to provide the clarity the author is requesting)
3.4. After 7-10 minutes of incubation, neutralize the enzymatic reaction with 3 mL of 37 °C-DMEM [1-MED-over the shoulder] and use a 5-mL pipette to gently dissociate the cells into a single cell suspension [2-CU].

3.4.1. Talent adding medium to plate, with medium container visible in frame

3.4.2. Cells being dissociated

3.5. Transfer the cells into a sterile 15-mL conical tube for centrifugation [1-MED-TXT] and resuspend the pellet in approximately 5 mL of fresh DMEM [2-CU].
3.5.1. Talent adding cells to tube (TEXT: 5 min, 175 x g, RT)
3.5.2. Shot of pellet if visible, then pellet being resuspended in medium, with medium container label visible in frame [Shots 3.5.2 and 3.6.1 combined]
3.6. Pipet the cells thoroughly to disaggregate any cell clusters [1-MED] and, after counting, “concentrate” the cells to approximately 2 x 106 cells/50 microliters of medium [2-CU].

3.6.1. Talent pipetting cells

3.6.2. Medium being added to cells, with medium container label visible in frame (Author Comment: 3.6.2 was filmed separate from 3.6.1. We centrifuged the cells again after the initial count, removed medium, and resuspended the pellet in a very small volume of medium.) (Editor: I think this is okay, as long as the two shots are clear and represent the actions mentioned in the VO)
3.7. “The reproducibility of this method is dependent on consistent and accurate cell counts. It is critical to ensure the sample is homogenous and that the cells are not clumped together at any point during the analysis.” [1-MED-interview style]
3.7.1. Robert Skolik, speaking the above interview style (looking just off-camera)
3.8. Then store the cells on ice until ready to perform respirometric and calorimetric measurements [1-MED]. 
3.8.1. Talent placing cells on ice

4. Calorimetry and Respirometry
4.1. Before the calorimetric measurement, confirm that the calorimeter is connected to the computer [1-WIDE] and that the calorimetric signal is observable in microwatts [2-SCREEN].
4.1.1. Talent checking connection, with computer and calorimeter visible in frame as possible

4.1.2. *To be provided by Authors: Shot of calorimetric signal in microwatts
4.2. Dilute the cells to a concentration of 1x105 cells/mL in equilibrated medium [1-MED] and add 2.5 mL of cell solution to each ampule [2-CU], confirming that a sufficient volume of air is maintained between the lids of the ampules and the medium to allow for gas diffusion [3-ECU].
4.2.1. Talent adding medium to cells, with medium container visible in frame

4.2.2. Cells being added to at least one ampule

4.2.3. Shot of volume of air between lid and medium as possible

4.3. Immediately tighten the caps [1-CU] and clean the sealed ampules with air to remove any external debris [2-MED].

4.3.1. Cap being tightened

4.3.2. Ampule being cleaned

4.4. Then slowly lower the first ampule to position 1 of the calorimeter [1-CU-TXT].

4.4.1. Ampule being lowered (TEXT: Record time ampule is lowered to position 1)
4.5. Thoroughly mix the sample to ensure a homogenous solution [1-MED] and inject 2x106 cells into each closed chamber of the respirometer under continuous stirring [2-CU].

4.5.1. Talent mixing sample
4.5.2. Cells being injected 

4.6. After 15 minutes at position 1 in the calorimeter, slowly lower the both the reference ampule and the ampule with the cells to position 2 [1-CU] and record the time of lowering [2-MED].

4.6.1. Ampule being lowered

4.6.2. Talent looks at clock/watch, then writes time in lab notebook or similar
4.7. Ten to fifteen minutes after the cells have been injected into the respirometer, a stabilization of the oxygen flux and a steady decrease in the oxygen concentration should be observed [1-SCREEN].
4.7.1. *To be provided by Authors: Shot of stable oxygen flux w/ decreased oxygen concentration (Video Editor: please indicate red oxygen flux and blue oxygen concentration data lines when mentioned)
4.8. To determine the maximal flux, inject 1 microliter of 4 mg/mL oligomycin into each chamber [1-MED] and allow the oxygen flux to stabilize for about 10 minutes [2-CU], recording the stable leak respiration rate as just demonstrated [3-SCREEN].
4.8.1. Talent injecting oligomycin

4.8.2. Timer being set for 10 minutes

4.8.3.  *To be provided by Authors: Shot of leak respiration rate data lines 
4.9. Then inject 2 microliters of 0.2 mM FCCP (F-C-C-P) into each chamber [1-MED-TXT], allowing the oxygen flux to stabilize after each injection [2-SCREEN] and continuing the titrations until the maximal flux is reached [3-CU-TXT], and record the stable respiration rate during the maximal flux [4-MED].
4.9.1. Talent injecting FCCP (TEXT: FCCP: carbonyl cyanide-p-trifluoromethoxyphenylhydrazone)
4.9.2.  *To be provided by Authors: Shot of stabilized oxygen flux 

4.9.3. FCCP being injected (TEXT: Maximal flux = slight decline in subsequent FCCP titration)

4.9.4. Talent writing down respiration rate, with monitor visible in frame
5. Results: Representative O2 Concentration and Flux Analyses
5.1. When both respirometer chambers are operating prior to the sample measurement, both the oxygen concentration [1-LM] and the oxygen flux traces should be stable [2-LM].
5.1.1. 2-8-17- Good Calibration.png: please trace/indicate blue data line
5.1.2. 2-8-17- Good Calibration.png: please trace/indicate red data line

5.2. After the ampule has been lowered to position 2, a time period can be identified in which the heat output is stable [1-LM] and a corresponding time can be identified in which the oxygen flux is stable to allow calculation of the calorespirometric ratio [2-LM].

5.2.1. Glucose TAM JOVE.tiff: please trace/indicate bottom left flat data line
5.2.2. Glucose TAM JOVE.tiff: please trace/indicate spike and top right data line

5.3. If the HepG2 cells are cultured in the absence of glucose and galactose is supplemented to increase the mitochondrial involvement, the cells do not proliferate inside the calorimeter [1-LM], but instead decrease their metabolic activity after about 30 minutes in the ampule [2-LM], restricting the calorespirometric calculation to the earliest time point at which the heat dissipation was measured [3-LM].

5.3.1. Galactose TAM JOVE.tiff: no animation
5.3.2. Galactose TAM JOVE.tiff: please indicate data line from top of right curve to bottom right of graph

5.3.3. Galactose TAM JOVE.tiff: please circle/indicate first flat data line from y-axis to first data line spike

5.4. It is critical to record the time the cells are pipetted into the ampule [1-LM] so that the measurements of the heat production and the oxygen consumption are collected at identical time points [2-LM], as it takes approximately 15 minutes for the oxygen flux to stabilize [3-LM] and the oxygen concentration to steadily decline [4-LM].

5.4.1. Authors: please submit the graph from Figure 5 through the submission link as an unflattened .ai or .psd file (or without the light blue arrows and accompanying text labels): please add/indicate HepG2 cells text and accompanying arrow as in original 2-8-18 Good Trace.tiff
5.4.2. Figure 5: please add vertical lines starting from the x-axis that cross both red and blue data lines at just after HepG2 blue arrow minutes and 20 minutes to indicate block of time heat and oxygen were measured

5.4.3. Figure 5: please trace/indicate red data line from just after HepG2 blue arrow minutes to 20 minutes

5.4.4. Figure 5: please trace/indicate blue data line from just after HepG2 blue arrow minutes to 20 minutes
5.5. As the stabilized oxygen flux of the cells serves as a surrogate for the oxygen consumption when calculating the calorespirometric ratio [1-LM], additional titrations can be performed to assess the leak respiration [2-LM], which is indicated by a drop in the oxygen flux [3-LM], and the maximal uncoupled respiration [4-LM], which is indicated by a failure to increase the respiration with successive FCCP titrations [5-LM].
5.5.1. Figure 5: no animation
5.5.2. Figure 5: please add oligomycin text and accompanying arrow

5.5.3. Figure 5: please trace/indicate vertical red data line from just after oligomycin blue arrow minutes to flat line before FCCP addition

5.5.4. Figure 5: please add FCCP text and accompanying arrow

5.5.5. Figure 5: please circle/indicate data peaks in red data line following FCCP and blue arrow text
6. Conclusion (said by authors on camera):
6.1. Robert Skolik: Once mastered, this technique can be completed in less than 4 hours if it is performed properly.

6.2. Michael Menze: While attempting this procedure, it’s important to remember that other cell lines may have different metabolic properties. Therefore, each new cell line must be optimized for both its calorimetric and respirometric measurements.
6.3. Robert Skolik: After watching this video, you should have a good understanding of how to prepare HepG2 cells for calorespirometry, to ensure correct instrumental calibration, and to properly conduct a calorespirometric experiment.
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. 
2-8-17- Good Calibration.png
Galactose TAM JOVE.tiff

Glucose TAM JOVE.tiff

Authors: 3-26-18 Good Trace.tiff
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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