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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of 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? 2.2., 2.5., 3.3., 3.4.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  n/a
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 goal of this procedure is to use high-resolution respirometry to determine mitochondrial oxygen consumption. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Siamak Djafarzadeh: This method can help answer key questions about the syndromes and diseases associated with mitochondrial dysfunction and compromised energy metabolism, such as sepsis, diverse neurological diseases and age-related disorders. 
1.2. Siamak Djafarzadeh: The main advantages of this technique are its higher sensitivity and that it allows the assessment of substrate-uncoupled-inhibitor titrations using small numbers of biological samples.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Siamak Djafarzadeh: Demonstrating the procedure will be Sandra Nansoz, a technician from my laboratory. 
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

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. High Resolution Respirometry and Intact Cell Digatonin Titration
2.1. Before beginning the procedure, air-calibrate the polarographic oxygen sensors [1-WIDE-TXT].
2.1.1. Few seconds Talent calibrating sensors (TEXT: See text for air calibration details)
2.2. Then resuspend the cells in respiration buffer to a 1 x 106 cells/mL concentration [1-MED-TXT] and replace the respiration medium in one chamber of the oxygraph with 2.1 mL of the cell suspension [2-MED/WIDE/CU-TXT].
2.2.1. Few seconds Talent adding medium to cells (TEXT: See text for all medium/reagent preparation details)
2.2.2. Few seconds Talent adding cells to oxygraph (Shot will be used again) (TEXT: See text for cell harvest/preparation details)
2.3. Close the chamber with the stopper [1-MED] and set the magnetic stirring bar in the chamber to 700 rotations per minute [2-CU].
2.3.1. Talent closing stopped
2.3.2. Few seconds show of bar stirring in chamber
2.4. Then record the cellular respiration for 5-10 minutes until a stable oxygen flux signal is achieved [1-MED-over the shoulder].
2.4.1. Few seconds Talent at monitor, watching oxygen flux signal, with monitor screen visible in frame
2.5. Next, use a syringe to inject 2 microliters of rotenone through the titanium injection port into the oxygraph chamber [1-CU-TXT] and record the cellular respiration for another 5-10 minutes [2-SCREEN].
2.5.1. Few seconds rotenone being injected, with rotenone container label visible in frame if possible (TEXT: Rotenone optional/prevents reverse electron flow)
2.5.2. *To be provided by Authors: Few seconds cellular respiration being recorded after injection – From what the authors indicate, some of these screen captures might be stills, in Powerpoint
2.6. When a stable oxygen flux signal is achieved [1-SCREEN], inject 20 microliters of 1 molar succinate [2-MED-TXT] followed by 10 microliters of 0.5 molar ADP [3-MED].
2.6.1. *To be provided by Authors: Shot of stable oxygen flux
2.6.2. Few seconds Talent injecting succinate, with succinate container visible in frame if possible (TEXT: Record 5-10 min of cellular respiration until stable flux after each injection)
2.6.3. Few seconds Talent injecting ADP, with ADP container label visible in frame if possible 
2.7. Then inject two volumes of 2 microliters of 2 millimolar digitonin [1-MED] and record the cellular respiration for 2-5 minutes after each injection [2-SCREEN], followed by the stepwise injection of 2-4 microliters of 2 mM digitonin [3-MED] until the oxygen flux signal reaches the maximum level, and further digitonin injections do not increase the respiration rate [4-SCREEN].
2.7.1. Talent injecting digitonin, with digitonin container visible in frame if possible
2.7.2. *To be provided by Authors: Few seconds cellular respiration being recorded after injection
2.7.3. Talent injecting digitonin, with digitonin container visible in frame if possible
2.7.4. *To be provided by Authors: Few seconds oxygen signal at maximum level
3. Mitochondrial Outer Membrane Integrity Evaluation
3.1. For evaluation of the mitochondrial outer membrane integrity, prepare an oxygraph chamber as just demonstrated [1-WIDE] and inject 2 microliters of 8 mM digitonin to permeabilize the cells [2-MED].
3.1.1. Talent adding cells to chamber
3.1.2. Few seconds Talent injecting digitonin, with digitonin container visible in frame if possible
3.2. After 5 minutes, inject 20 microliters of 1 molar succinate [1-MED] and record the cellular respiration for 5-10 minutes until a stable oxygen flux signal is achieved [2-SCREEN-TXT].
3.2.1. Talent injecting succinate, with succinate container visible in frame if possible
3.2.2. *To be provided by Authors: Few seconds cellular respiration being recorded after injection (TEXT: Record 5-10 min of cellular respiration until stable flux after each injection) Might be a still
3.3. Then inject 10 microliters of 0.5 molar ADP to stimulate complex two and to induce an oxygen consumption increase [1-MED].
3.3.1. Talent injecting ADP, with ADP container visible in frame if possible
3.4. When a stable flux signal is achieved [1-SCREEN], inject 5 microliters of 4 millimolar cytochrome c [2-MED] followed by 1 microliter of 4 mg/ml of oligomycin [3-MED].
3.4.1. *To be provided by Authors: Shot of stable flux
3.4.2. Talent injecting cytochrome c, with cytochrome c container label visible in frame if possible
3.4.3. Talent injecting oligomycin, with oligomycin container label visible in frame if possible
EDITOR: Make 3.5 onward a NEW SECTION: 
Title: Measurement of ADP-stimulated and Intact Cellular Respiration
3.5. [bookmark: _GoBack]To measure the ADP-stimulated respiration of the liver hepatocellular carcinoma cells, prepare an oxygraph chamber as just demonstrated [1-CU] and inject 2 microliters of 8 mM digitonin into the oxygen chamber to permeabilize the cells for 5 minutes [2-CU-TXT] followed by the injection of 12.5 microliters of 0.8 M malate [3-CU] and 10 microliters of 2M glutamate [4-CU].
3.5.1. Use 2.2.2. Cells being added to chamber
3.5.2. Digitonin being injected, with digitonin container label visible in frame if possible (TEXT: Record cellular respiration until stable flux after each injection)
3.5.3. Malatate being injected, with malatate container label visible in frame if possible 
3.5.4. Glutamate being injected, with glutamate container label visible in frame if possible 
3.5.5. *To be provided by Authors: Shot of stable flux Use as first footage for 3.6
3.6. When a stable oxygen flux is achieved [1-SCREEN], inject 10 microliters of 0.5 molar ADP to increase the oxygen consumption [2-CU] followed by 2 microliters of 0.2 mM rotenone [3-CU] and 20 microliters of 1 M succinate [4-CU].
3.6.1. *To be provided by Authors: Shot of stable flux Slated 3.5.5
3.6.2. ADP being injected, with ADP container label visible in frame
3.6.3. Rotenone being injected, with rotenone container label visible in frame
3.6.4. Succinate being injected, with succinate container label visible in frame
3.7. Next, inject 2 microliters of 5 mM antimycin [1-CU] and record the cellular respiration [2-SCREEN].
3.7.1. Antimycin being injected, with antimycin container label visible in frame
3.7.2. *To be provided by Authors: Shot cellular respiration
3.8. When the signal decreases and stabilizes [1-SCREEN], inject 2.5 microliters of 0.8 millimolar ascorbate followed by the immediate injection of 2.5 microliters of 0.2 millimolar TMPD (Pronounce: T-M-P-D) [2-CU], recording the cellular respiration until the oxygen flux signal increases and stabilizes [3-SCREEN].
3.8.1. *To be provided by Authors: Shot of flux decreased and stabilized
3.8.2. Shot of ascorbate then TMPD, with container labels visible in frame (Videographer: Split action into separate shots as appropriate)
3.8.3. *To be provided by Authors: Shot of flux increased and stabilized
3.9. Then inject 10 microliters of 1 molar sodium azide into the oxygraph chamber [1-MED] and record the cellular respiration until the oxygen flux signal decreases and stabilizes [2-SCREEN].
3.9.1. Talent injecting sodium azide, with sodium azide container visible in frame
3.9.2. *To be provided by Authors: Shot of flux decreased and stabilized May be a still
3.10. To measure the intact cell oxygen consumption, prepare an oxygraph chamber as just demonstrated [1-MED] and inject 1 microliter of 4 mg/ml oligomycin [2-MED] followed by 1 and 3 microliter injections of 0.2 millimolar FCCP [3-MED-TXT].
3.10.1. Talent adding cells to chamber
3.10.2. Talent injecting oligomycin, with oligomycin container visible in frame
3.10.3. Talent injecting FCCP, with FCCP container visible in frame (TEXT: Record cellular respiration until stable flux after each injection)
3.11. Next, titrate the FCCP in 0.1-0.3 micromolar steps by injecting 1-3 microliters of 0.2-1 millimolar FCCP [1-MED] until the oxygen flux signal reaches its maximal level with no further increases and then begins to decline [2-SCREEN].
3.11.1. Talent injecting FCCP, with FCCP container visible in frame
3.11.2. *To be provided by Authors: Shot of flux stabilized then decreasing May be a still
3.12. Then, inject 2 microliters of 0.2 millimolar rotenone [1-MED] and 2 microliters of 5 millimolar antimycin A [2-MED] and record the respiration until the oxygen flux signal decreases and stabilizes [3-SCREEN].
3.12.1. Talent injecting rotenone, with rotenone container visible in frame
3.12.2. Talent injecting antimycin A, with antimycin A container visible in frame
3.12.3. *To be provided by Authors: Shot of flux decreased and stabilized May be a still
4. Results: Representative HepG2 Cellular Respiration Analyses

4.1. In the absence of digitonin, cellular respiration is very low [1-LM] and the respiration of intact, non-permeabilized cells is not stimulated in the presence of mitochondrial substrate and ADP [1-LM].

4.1.1. fig 1a.tif: please add HepG2 cells text box and arrow as in original Figure 1A and trace/indicate red data line from right next 2.12 to baseline
4.1.2. fig 1a.tif: please add Rotenone Succinate ADP text box and arrow as in original Figure 1A
 
4.2. Upon stepwise addition of digitonin, however [1-LM], the cellular plasma membrane becomes permeabilized and the mitochondrial respiration increases until full permeabilization [2-LM], at which time the succinate and ADP enter the cells [3-LM].

4.2.1. fig 1a.tif: please indicate digitonin vertical line columns from 2 micromolar to 12 micromolar
4.2.2. fig 1a.tif: please trace/indicate red data line from 2 micromolar to 8 micromolar
4.2.3. fig 1a.tif: please trace/indicate red data line from 8 micromolar to 12 micromolar

4.3. Mitochondrial outer membrane integrity can be compromised, however, if excessive amounts of digitonin are employed [1-LM], inducing a reduction in complex two-dependent state 3 respiration [2-LM].

4.3.1. fig 1a.tif: please trace/indicate red data line from 16 micromolar to 56 micromolar
4.3.2. Fig 1B.tif: please trace/indicate data line from 16 micromolar to 56 micromolar

4.4. Cytochrome c does not enhance complex two-dependent state 3 respiration in digitonin-treated cells [1-LM], indicating that there is no loss of cytochrome c from the mitochondrial outer membrane and that mitochondrial integrity is preserved [2-LM], even though cytochrome c can enhance the respiration of cells treated with very high doses of digitonin [3-LM].

4.4.1. Figure 2.tif: please trace/indicate red data line within CII State 3 + cytochrome cell column
4.4.2. Figure 2.tif: no animation
4.4.3. Figure 3_new.tif: please trace/indicate red data line with CII State 3 + cytochrome cell column

4.5. The addition of exogenous substrates of mitochondrial complex activity post digitonin-permeabilization induces an increase in mitochondrial respiratory chain complexes one, two and four maximal respiratory rates [1-LM]. 

4.5.1. Figure 4.tif: please sequentially trace/indicate curves over CI State 3, CII State 3 and CIV State 3 texts

4.6. The generation of reduced respiratory levels [1-LM] may be due to contamination of the oxygraph chambers with mitochondrial inhibitors from the previous experiment [2-LM]. 

4.6.1. Figure 5.tif: please trace/indicate curves over CI State 3, CII State 3 and CIV State 3
4.6.2. Figure 5.tif: please circle/indicate Rotenone text and arrow

4.7. In the presence of oligomycin [1-LM] and the sequential addition of FCCP [2-LM], the maximal uncoupled respiratory rate of the cells is observed [3-LM].

4.7.1. Figure 6_new.tif: please circle/indicate Oligomycin text and arrows
4.7.2. Figure 6_new.tif: please circle/indicate FCCP texts and arrows
4.7.3. Figure 6_new.tif: please trace/indicate data line from first to last FCCP addition and/or indicate FCCP uncoupled restriction text

5. Conclusion (said by authors on camera)
5.1. Siamak Djafarzadeh: Once mastered, any of these techniques can be completed in less than one hour if they are performed properly.
5.2. Siamak Djafarzadeh: While attempting this procedure, it’s important to remember to wash the oxygraph chambers and stoppers extensively after each experiment.
5.3. Siamak Djafarzadeh: Following this procedure, other methods, like measuring the cellular ATP content, mitochondrial membrane potential, or mitochondrial ATP synthase enzyme activity, can be performed to answer additional questions about the factors that affect respiratory rate changes.
5.4. Siamak Djafarzadeh:  After its development, this technique paved the way for researchers in the field of bioenergetics to explore the mitochondrial function of intact or permeabilized cells, fibers or isolated mitochondria.
5.5. Siamak Djafarzadeh: After watching this video, you should have a good understanding of how to assess mitochondrial function using high-resolution respirometry.
5.6. Siamak Djafarzadeh: Don't forget that working with antimycin A, rotenone, sodium azide, FCCP, and oligomycin can be extremely hazardous and that precautions such as wearing gloves and laboratory coats should always be taken while performing this procedure.   

Provided Media

Authors: Please list all images, movie files, or 3-D rendered animations to be included in the video. 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.  

fig 1a.tif
Fig 1B.tif
Figure 2.tif
Figure 3_new.tif
Figure 4.tif
Figure 5.tif
Figure 6_new.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.
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