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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  
Can you record movies/images using your own microscope camera? (Y/N)______N___  
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: __________________NA___________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__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.) The software is pretty easy to operate. Probe is plugged in and records data. I think it would be most helpful to have screen shots; see setup step 3.2.2
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.) see mitochondrial isolation step 2.2.3, and chamber assembly 3.2.2, 3.3.3
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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Heidi A. Rossow: This method can help answer key questions in the Energetics field, such as energetic efficiency, mitochondrial health and energy usage [1-INT].
1.1.1. Heidi A. Rossow says the statement above in an interview-style shot, looking slightly off-camera.
1.2. Heidi: The main advantage of this technique is that oxygen consumption of isolated mitochondria is measured directly and so results do not need to be corrected for other intracellular metabolic processes [1-INT]. 
1.2.1. Heidi A. Rossow says the statement above in an interview-style shot, looking slightly off-camera.

B. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3.  [1-INT].
1.3.1. Gabriela Acetoze says the statement above in an interview-style shot, looking slightly off-camera.
1.4. Gabriela: We had the idea to pursue this method in dairy cattle, when we wanted to examine how mitochondrial efficiency impacts feed efficiency [1-INT].
1.4.1. Gabriela Acetoze says the statement above in an interview-style shot, looking slightly off-camera.
1.5. Gabriela: Visual demonstration of this method is critical as the isolation steps are difficult to learn, because they must be consistent and precise [1-INT].
1.5.1. Gabriela Acetoze says the statement above in an interview-style shot, looking slightly off-camera.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. All methods, protocol and studies described here were approved by the Institutional Animal Care and Use Committee (IACUC) of University of California, Davis. 


Protocol:(read by voice talent at JoVE)

2. Isolating Mitochondria from Dairy Cow Liver
2.1. As soon as possible after the liver sample is removed from the cow [1-MED/WIDE], wash the sample in mitochondria isolation media to remove the red blood cells [2-MED-TXT]. Using scissors, finely mince the tissue into a chilled beaker that contains enough isolation media to keep the tissue moist [3-MED/CU].
2.1.1. Establishing shot of the talent entering the lab area with the liver sample in hand.
2.1.2. Talent washes the sample in the mitochondria isolation media. TEXT: See text for details on preparing media.
2.1.3. Talent uses scissors to finely mince the tissue into the described beaker. Film this as close up on the action as possible while still capturing the entire action clearly
2.2. Transfer the minced liver into a 30 mL glass vial containing mitochondria isolation media [1-MED]. Add a Teflon pestle, that has a clearance of 0.16 mm that has been incubated in ice [2-CU], and homogenize the liver sample at 500 rpm for one minute with 4 strokes per minute [3-MED].
2.2.1. Talent transfers the mince liver into a 30 mL glass vial containing mitochondria isolation media.
2.2.2. Close up of the vial as pestle as the talent puts the pestle into the vial.
2.2.3. Talent homogenized the liver sample as described.
2.3. After this, transfer the homogenate to a tube containing mitochondria isolation media [1-MED], and place this into an ice-packed beaker [2-MED-TXT]. Centrifuge homogenate at 500 x g and 4 °C for 10 minutes [3-MED]. Discard the pellet, and transfer the supernatant to a chilled centrifuge tube [4-MED].
2.3.1. Talent transfers the homogenate to a tube containing mitochondria isolation media.
2.3.2. Talent places the tube into an ice-packed beaker. TEXT: Keep the homogenate on ice for the entire process.
2.3.3. Talent places the tube into a centrifuge and closes the centrifuge lid.
2.3.4. Talent transfers the supernatant to a chilled centrifuge tube. The discarding of the supernatant does not need to be shown in this shot.
2.4. Centrifuge the resulting supernatant at 10,000 x g and 4 °C for 10 minutes to obtain the mitochondrial pellet [1-MED]. Re-suspend and wash the pellet in 10 mL of mitochondria isolation media with fatty acid free BSA [2-MED]. Then, centrifuge at 8,100 x g and 4 °C for 10 minutes [2-MED].
2.4.1. Talent places the tube into a centrifuge and closes the centrifuge lid.
2.4.2. Talent re-suspends and washes the pellet with mitochondria isolation media.
2.4.3. Talent places the tube into a centrifuge and closes the centrifuge lid. (Author Comment: Same as 2.4.1) (Editor: The action is the same, but the shot shouldn’t be reused here so close to the original. If they did not shoot a new shot for 2.4.3, please do what you can so it doesn’t look too repetitive here)
2.5. Discard the supernatant and re-suspend the pellet in 200 µL of isolation media [1-MED]. Place this on ice, until ready to use for the oxygen consumption and proton leak kinetic assays [2-MED].
2.5.1. Talent re-suspends the pellet in isolation media. The discarding of the supernatant does not need to be shown in this shot.
2.5.2. Talent places the tube, containing the re-suspended pellet – on ice.
2.6. Determine protein concentration of the pellet suspension using a Bicinchoninic acid kit per manufacturer's instructions, using BSA as the standard [1-MED-TXT]. 
2.6.1. Talent sets a BCA kit onto the lab bench, and begins to use it to determine the protein concentration. Any action taken while determining the protein concentration can be shown here. TEXT: All protein is considered to be mitochondrial protein. 
3. Measuring Mitochondrial Oxygen Consumption
3.1. First, create oxygen consumption media as outlined in the text protocol [1-MED]. [2-MED].
3.1.1. Talent prepares the oxygen consumption media. Any action taken in this preparation process can be shown here.
3.1.2. [bookmark: _GoBack]Talent mixes the oligomycin and ethanol to prepare the described solution. (Move below 4.1.1) (Author Comment: This should be part of 4 at the beginning. Oligomycin is not used in measuring mitochondrial oxygen consumption)
3.2. Incubate the oxygen consumption media at 30 °C [1-MED]. Next, set up the respiration chamber [2-CU],… pump [3-CU],… and oxygen electrode for the oxygraph system according to the manufacturer’s instructions [2-MED].
3.2.1. Talent places the vessel of oxygen consumption media into an incubator/water-bath at 30 °C.
3.2.2. A close up shot of the respiration chamber.
3.2.3. A close up shot of the pump.
3.2.4. A close up shot of the oxygen electrode.
(Editor: Looks like the authors removed just the step number from the step below – which originally was 3.3. They’ve referred to a shot by its current numbering, so I’ve renamed the step 3.2A and adjusted each shot number in the step)
3.2A. 	Place 1 mL of oxygen consumption media into the respiration chamber [5-MED]. Then, add 0.35 mg of mitochondrial protein to the chamber [7-MED]. Stir vigorously – to ensure that the solution becomes saturated with air [6-MED], and maintain a temperature of 30 °C [8-CU].
3.2.5. Talent places 1 mL of the oxygen consumption media into the respiration chamber.
3.2.7. Talent adds the mitochondrial protein to the chamber. (Author Comment: this should be 3.2.6 and includes closing the chamber)
3.2.6. Close up on the vessel in the chamber as the media is stirred vigorously.
3.2.7. Talent adds the mitochondrial protein to the chamber. (Author Comment: this should be 3.2.6 and includes closing the chamber) (Editor: I’ve adjusted the VO to move this above 2.6)
3.2.8. Close up of the thermometer in the set up, showing that it is at 30 °C.
3.3. Add 1.25 µL of a 4 mM rotenone solution to inhibit Complex I [1-MED], and then add 5 µL of 1 M succinate solutionto reach a final concentration of 5 mM succinatein the respiratory chamber [2-MED].
3.3.1. Talent adds a 4 mM rotenone solution to the chamber.
3.3.2. Talent adds a 1 M succinate solution to the chamber.
3.4. Record the oxygen consumption for approximately 5 minutes. When oxygen consumption becomes constant – represented by a decreasing straight line – record this as the baseline oxygen consumption [1-SCREEN].
3.4.1. *To be provided by the authors: Screen Capture – Show the oxygen consumption data on screen as it is recorded. Then, show the oxygen consumption becoming constant (represented by a decreasing straight line). Authors, please upload this screen capture to your upload link. (Author Comment: Screen capture is labeled SC3.4.1) (Author Comment: 'This is state 4 oxygen consumption' should be added to the script at the end) (Editor: I’m not sure exactly where the authors want this added at the end, so I haven’t yet done it. If they give clarity onto where it should go, this exact VO and visual can be reused)
3.5. After this, add 1 µL of a 100 mM ADP solution to reach a final concentration of 100 μMin the respiration chamber [1-MED]. Oxygen consumption will decrease for approximately 5 minutes, and then will become a straight line. Record this oxygen consumption as the State 3 respiration [2-SCREEN].
3.5.1. Talent adds a 100 mM ADP solution to the chamber.
3.5.2. *To be provided by the authors: Screen Capture – Show the oxygen consumption decreasing. Then, show the oxygen consumption becoming constant(represented by a decreasing straight line). Authors, please upload this screen capture to your upload link. (Author Comment: Screen capture is labeled SC3.5.2)
3.6.  [1-MED-TXT]. [2-SCREEN].
3.6.1. Talent adds the oligomycin solution to the chamber. TEXT: Final concentration of oligomycin: 2.8 µg/0.35 mg of mitochondrial protein.
3.6.2. *To be provided by the authors: Screen Capture – Show the oxygen consumption becoming constant. Authors, please upload this screen capture to your upload link. (Author Comment: This section should not be in the mitochondrial oxygen consumption section. I think this has also been duplicated in the paper and needs to be removed.)
3.7. Calculate the Respiratory Control Ratio as outlined in the text protocol [1-MED-over the shoulder]. Then, aspirate all of the solutions out of the respiration chamber [2-MED]. Rinse the chamber several times with double deionized water [3-MED].
3.7.1. Talent, at the workstation computer, calculates the Respiratory Control Ratio. Any part of the calculation process can be shown here.
3.7.2. Talent aspirates all of the solutions out of the chamber.
3.7.3. Talent rinses the chamber with double deionized water.
4. Measuring Mitochondrial Membrane Potential (MMP) and Proton Motive Force (PMF)
4.1. First, prepare a solution of 80 ng/mL nigericin in ethanol – limiting the amount of ethanol added to less than 1 μL [1-MED]. Also prepare a solution of8 μg/mL oligomycin in ethanol [3.1.2]. After thoroughly rinsing the chamber with double deionized water [2-MED], place 1 mL of the oxygen consumption media into the respiration chamber [3-MED] and stir vigorously with a magnetic stir bar [4-CU].
4.1.1. Talent adds nigericin and ethanol together to prepare the described solution.
3.1.2. Talent mixes the oligomycin and ethanol to prepare the described solution
4.1.2. Talent rinses the chamber with double deionized water. (Author Comment: Same as 3.7.3) (Editor: I’m unsure if the authors want 3.7.3 reused. If no unique shot was provided, reuse 3.7.3)
4.1.3. Talent places 1 mL of the oxygen consumption media into the respiration chamber. (Author Comment: Same as 3.2.5) (Editor: I’m unsure if the authors want 3.7.3 reused. If no unique shot was provided, reuse 3.2.5)
4.1.4. Close up of the solution being stirred in the chamber. (Author Comment: Same as 3.2.6) (Editor: I’m unsure if the authors want 3.7.3 reused. If no unique shot was provided, reuse 3.2.6)
4.2. Add 0.35 mg of mitochondrial protein to the respiration chamber [3-MED]. Add a methyl-triphenyl-phosphonium sensitive electrode to the chamber setup [1-MED], making sure that the other end is properly connected to a pH meter [2-CU]. [3-MED].
4.2.3. Talent adds mitochondrial protein to the respiration chamber. (Author Comment: Should be 4.2.1 and is the same as 3.2.7)
4.2.1. Talent adds a methyl-triphenyl-phosphonium sensitive electrode to the chamber. (Author Comment: Probes are added through top of closed chamber)
4.2.2. Close up showing that the other end is connected to a pH meter.
4.2.3. Talent adds mitochondrial protein to the respiration chamber. (Author Comment: Should be 4.2.1 and is the same as 3.2.7) (Editor: I’ve moved this to before 4.2.1)
4.3. Add 1.25 µL of a 4 mM rotenone solution to inhibit Complex I [1-MED]. Record the respiration for 2 – 5 minutes. Record the oxygen consumption value when it becomes constant [2-SCREEN].
4.3.1. Talent adds a 4 mM rotenone solution to the chamber.
4.3.2. *To be provided by the authors: Screen Capture – Show the oxygen consumption becoming constant. Authors, please upload this screen capture to your upload link. (Author Comment: Screen capture is labeled SC4.3.2 and includes what happens with 4.4.2 and 4.5.2)
4.4. Next, add 0.56 µL of anoligomycin solution to inhibit ADP utilization and induce State 4 respiration [1-MED-TXT]. Record the respiration for about 2 – 5 minutes. Record the oxygen consumption value when it becomes constant [2-SCREEN].
4.4.1. Talent adds anoligomycin solution to the chamber. TEXT: Final concentration of oligomycin: 2.8 µg/0.35 mg of mitochondrial protein.
4.4.2. *To be provided by the authors: Screen Capture – Show the oxygen consumption becoming constant. Authors, please upload this screen capture to your upload link. (Author Comment: Included in screen capture for 4.3.2)
4.5. Then, add 0.112 μLof an80 ng/mL nigericin solution to abolish the pH gradient across the mitochondrial inner membrane [1-MED]. Record the respiration for 2 – 5 minutes, and note the oxygen consumption value when it becomes constant [2-SCREEN].
4.5.1. Talent adds a nigericin solution to the chamber.
4.5.2. *To be provided by the authors: Screen Capture – Show the oxygen consumption becoming constant. Authors, please upload this screen capture to your upload link. (Author Comment: Included in screen capture for 4.3.2)
4.6. Add 5 µL of a 10 mM methyl-triphenyl-phosphonium solution to the mitochondrial incubation to begin preparing a standard curve [1-MED]. Repeat this addition four additional times, until a total concentration of 2.5 μM has been added [2-MED].
4.6.1. Talent adds a 10 mM methyl-triphenyl-phosphonium solution to the mitochondrial incubation.
4.6.2. Talent adds more methyl-triphenyl-phosphonium to the incubation. (Author Comment: same as 4.6.1. TMP is added a total of 4-5 times) (Editor: I’m not sure if the authors want 4.6.1 used again, if 4.6.1 shows all of the additions and is long enough to use for all this VO, or if they were just informing us. If the shot is long enough, please use it for both 4.6.1 and 4.6.2)
4.7. After this, add 5 μL of a 1M succinate solution to the chamber to initiate respiration [1-MED]. Record the respiration until a stable trace is achieved [2-MED-over the shoulder]. Then, add malonate to titrate the system as outlined in the text protocol [3-MED].
4.7.1. Talent adds a 1M succinate solution to the chamber.
4.7.2. Talent, at the workstation computer, records the respiration.
4.7.3. Talent adds malonate to the system. (Author Comment: we added a final screen shot so that the reader can see the entire print out  / procedure on the computer screen capture. Labeled SC4.7.3) (Editor: I’m not sure if the authors want this shown after 4.7.3 or instead of the shot. If they provided the shot, use that for now)

5. Results: Liver Mitochondrial Oxygen Consumption and Proton Leak Kinetics
5.1. In this study, RCR and proton leak kinetics are measured in the milk of Holstein dairy cows 70 days after the cows had been fed with differing levels of copper, zinc, and manganese for 28 days [1-LM].
5.1.1. LAB MEDIA: Table 1.xslx
5.2. State 4 respiration is seen to be highest in cows given low levels of manganese [1-LM], yet is lowest in the Control cows, indicating that manganese plays an important role in minimizing proton leak dependent respiration [2-LM].
5.2.1. LAB MEDIA: Table 1.xslx – Visually emphasize the cell for State 4 and LowMn (value 27.1)
5.2.2. LAB MEDIA: Table 1.xslx – Visually emphasize the cell for State 4 and Control (value 22.0)
5.3. Analysis of the hepatic proton leak dependent respiration reveals that this respiration [1-LM] is greatest in cows treated with low manganese [2-LM], and lowest in the control cows [3-LM]. These results confirm that the low manganese group has the greatest State 4 respiration, while the Control group has the lowest [4-LM].
5.3.1. LAB MEDIA: Figure15.pdf
5.3.2. LAB MEDIA: Figure15.pdf – Visually emphasize the LowMn data set (the green line with triangles)
5.3.3. LAB MEDIA: Figure15.pdf – Visually emphasize the Control data set (the blue line with diamonds)
5.3.4. LAB MEDIA: Figure15.pdf – Remove all previous emphasis and hold on the image for the remaining voiceover narration.
5.4. While feed efficiency is higher in Angus steers born from low RFI bulls than high RFI bulls [1-LM], this was not reflected in the mitochondrial RCR [2-LM] or the proton leak kinetics [3-LM].
5.4.1. LAB MEDIA: Table 2.xslx & Figure16.pdf – Show both the table and the figure at the same time. Visually emphasize the cells in the RFI row in Table 2 (these cells represent feed efficiency)
5.4.2. LAB MEDIA: Table 2.xslx & Figure16.pdf – Visually emphasize the cells in the RCR row of Table 2
5.4.3. LAB MEDIA: Table 2.xslx & Figure16.pdf – Visually emphasize both data sets (High RFI and Low RFI) in Figure 16, showing that they’re very similar despite the difference in feed efficiency.


6. Conclusion (said by authors on camera)

6.1. Gabriela: While attempting this procedure, it’s important to remember to keep all vials and beakers on ice while processing the mitochondria[1-INT].
6.1.1. Gabriela Acetoze says the statement above in an interview-style shot, looking slightly off-camera.
6.2.  [1-INT].
6.2.1. Gabriela Acetoze says the statement above in an interview-style shot, looking slightly off-camera.
6.3.  [1-INT].
6.3.1. Gabriela Acetoze says the statement above in an interview-style shot, looking slightly off-camera.
6.4. Gabriela: After its development, this technique paved the way for researchers in the field of dairy nutrition to explore the role of mitochondrial efficiency in feed efficiency and mitochondrial function in liver [1-INT].
1.5.2. Gabriela Acetoze says the statement above in an interview-style shot, looking slightly off-camera.
6.5.  [1-INT].
6.5.1. Gabriela Acetoze says the statement above in an interview-style shot, looking slightly off-camera.
6.6. Gabriela: Don't forget that working with rotonone can be extremely hazardous and precautions such as wearing gloves, eye protection, and proper PPS should always be taken while performing this procedure [1-INT].
6.6.1. Gabriela Acetoze says the statement above in an interview-style shot, looking slightly off-camera.   


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.  

Insert your media filenames here.


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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