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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)No
 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) No

 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number.2.3.1(2.3.1.4, 2.3.1.9, and 2.3.1.11) 2.3.2(specifically 2.3.2.4) and 3(3.2.1, 3.2.2, 3.2.4, and 3.2.5)

 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number. 2.3.1(specifically 2.3.1.9 – 2.3.1.11) It is important to use enough cells, to work quickly, and use both homogenization as well as needle aspirations.

 

E.  Will the filming need to take place in multiple locations? (Y/N) No
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of this procedure is to isolate respiring mitochondria from cultured cells or mouse tissue and then assess the strength of their membrane potential as a measure of cellular status. (Intro)

For cultured cells, this is accomplished by first plating and then treating the cells.  Next, the cells are homogenized and the homogenate is passed through a needle to further release mitochondria from the cells. (P1)
As the first sentence is narrated, please show an illustration of cells in a T175 flask.  For this, DAM resource ID 276 can be used.  As the second sentence is narrated, please use the illustration of cells being homogenized (labeled P2) in “schematic mock up VDGM.”  Animate this illustration by having the stick go up and down in the tube.  Next, animate the solution dripping out of a syringe.  For an illustration of a syringe, DAM resource ID 3304 can be used.  
For mouse tissue, the liver is excised from the mouse and then homogenized on ice. (P2)
Start with an illustration of a mouse with a liver and spinal cord illustrated inside by combining the 2 DAM illustrations: resource ID 3725 and resource ID 3170.  Use the mouse in 3725 and add in the liver from 3170 using 3170 as a guide to where this is.  Then animate them to come out of the mouse to indicate their excision.  Then, fade into the illustration of tissue being homogenized (labeled P2) in “schematic mock up VDGM.”  Animate this illustration by having the stick go up and down in the tube.  
With both types of starting material, differential centrifugation is then used to isolate mitochondria from the rest of the cellular contents. (P3)
For P3, generate an animation based on the two tubes undergoing differential centrifugation (labeled P6) in “schematic mock up VDGM” as well as DAM resource ID 114 of differential centrifugation.  Perhaps label the “pellets” in DAM illustration as shown in “schematic mock up VDGM:” the first pellet as “Intact cells, nuclei, membrane fragments” and the second as “mitochondria, lysosomes, peroxisomes.”  Also include the centrifuge parameters label as in “schematic mock up VDGM.”

After the mitochondria is subjected to some processing, including addition of the membrane potential-sensitive fluorescent dye, TMRE, fluorescence measurements are performed to calculate the strength of the membrane potential. (P4)
For P4, use the illustration of the tube (labeled P7) in “schematic mock up VDGM.”  Animate a pipette tip coming to the tube and expelling a red-orange liquid to represent the TMRE.
Ultimately, mitochondrial function and perturbations in mitochondrial membrane potential can be assessed using a membrane potential-sensitive fluorescent dye in conjunction with a fluorescent plate reader when treated with common mitochondrial uncouplers and inhibitors. (P5)
For P5, show figure 2.
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Vickie: Though this method can provide insight into cytokine-induced apoptosis and mitochondria dysfunction in ALS it can also be applied to any other system where a comparison between two or more different samples is sought, such as healthy vs. disease or 2 different species of an animal with differing metabolic rates [1.1.1-MED].

1.1.1. Vickie speaks toward camera, interview style.
1.2. Tom: Visual demonstration of this method is critical as the mitochondria isolation steps are difficult to learn.  This is because there are a lot of nuances when performing the technique that can be overlooked in traditional methods sections [1.2.1-MED].

1.2.1. Tom speaks toward camera, interview style.
Protocol (read by voice talent at JoVE):
2. Cell culture 
2.1. Begin this procedure with growing human embryonic kidney cells as described in the text protocol [Title Card]. 

2.2. At 48 hours prior to cytokine treatment, plate 160  thousand cells into a T175 flask to yield about 70% density at the time of treatment [2.2.1-MED]. 

2.3. Then, serum starve the cells 24 hours later by aspirating the media and replacing it with the same volume of serum-free media [2.3.1-CU].  

2.4. Finally, treat the serum starved cells by the addition of solubilized cytokines directly to the cell culture media [2.4.1-MED-over the shoulder].  

2.4.1. TEXT overlay:  see text for preparation of cytokines
3. Isolation of mitochondria from cultured cells
3.1. To perform isolation of mitochondria, first aspirate the media and wash the adherent cells twice with 15 milliliters of 1x phosphate buffered saline, or PBS, each time [3.1.1-MED]. 

3.1.1. TEXT overlay:  wash 2x

3.2. Following the wash, aspirate the buffer and scrape the flasks to remove the adherent cells from the bottom [3.2.1-CU].  Then, add 15 milliliters of 1x PBS to each flask, swirl, and transfer to individual 15 milliliter conical tubes on ice [3.2.2-MED-over the shoulder].
3.2.1. *No comment
3.2.2. Transfer the suspension to tubes already on ice. 

3.3. Once scraping is done, centrifuge the tubes for 5 minutes at 700 x g, 4 degrees Celsius using a table top centrifuge with a swinging bucket rotor [3.3.1-MED]. 

3.3.1. Talent places the samples in the centrifuge, shuts the lid, and starts the run.

3.4. Following centrifugation, aspirate supernatants and resuspend each pellet in 1 milliliter of mitochondrial isolation buffer [3.4.1-CU].  Next, combine both suspensions and transfer to a small glass vessel for homogenization [3.4.2-MED-over the shoulder].

3.4.1. TEXT overlay:  see text for mitochondrial isolation buffer preparation
3.4.2. *No comment 
3.5. Add the mitochondrial isolation buffer to the vessel until the buffer reaches the first line [3.5.1-CU].  With the pestle attached to a drill, proceed to homogenize the cells on ice at medium speed for three passes [3.5.2-MED]. Care should be taken to remove air bubbles when placing the pestle into the solution,not to remove the pestle above the liquid and to use a steady speed with continuous passes. [This is important to include, either said or as a text overlay.]
3.5.1. Film the first line on the glass homogenization vessel as talent adds buffer until it reaches that line.
3.5.2. *No comment
3.6.  Transfer the homogenized solution to a 50 milliliter conical tube [3.6.1-MED-over the shoulder].  Then, draw the solution into a 3 milliliter syringe using an 18 gauge, 1 and one half inch needle and expel it back into the conical tube on ice with a 27 gauge, one half inch needle [3.6.2-CU].  Take care to expel the solution against the inside wall of the tube to utilize that force for cell membrane disruption.  [This needs to either be said or put as a text overlay.]
3.7. Repeat the syringe steps a total of five times [3.7.1-MED].  Then, transfer the solution into a 15 milliliter conical tube and centrifuge for 5 minutes at 600 x g, 4 degrees Celsius in a table top centrifuge using a swinging bucket rotor [3.7.2-CU]. 
3.7.1. Talent continues with syringe steps, aspirating and expelling.  TEXT overlay:  repeat 5x

3.7.2. 15 ml conical tubes as they are inserted into the swinging bucket rotor in the centrifuge.

3.8. Mitochondria are in the supernatant after this first, low-speed spin, while cell membranes and unbroken cells are pelleted [3.8.1-CU].  Carefully remove the supernatant and distribute among three 1.5 milliliter tubes [3.8.2-MED-over the shoulder].  

3.8.1. Sample tube as talent inserts a pipette in order to remove the supernant.

3.8.2. *no comment
3.9. Then, centrifuge the three tubes in a fixed angle rotor at 10,000 x g, 4 degrees Celsius for 5 minutes [3.9.1-MED].  Aspirate the supernatants before combining the pellets in 100 microliters of mitochondrial isolation buffer and immediately placing on ice [3.9.2-MED-over the shoulder]. Mitochondria from cultured cells appera white-ish in color. [Either a text overlay or stated]
3.9.1. Talent places the samples into the centrifuge, shuts lid and starts run.

3.9.2. Talent combines the pellets in mitochondrial isolation buffer and places on ice.
4. Mitochondria isolation from mouse tissue
4.1. To isolate mitochondria from mouse tissue following anesthetization of the mouse as described in the text protocol, excise the liver from each animal and place in ice cold 1x PBS without calcium or magnesium, to rinse away any blood [4.1.1-MED-over the shoulder and 4.1.2-CU].  
4.1.1. Talent finishes up the excision and then transfers the liver and spinal cord to the PBS.  Match action in next shot.

4.1.2. Liver and spinal cord as they are placed in the PBS

4.2. For the liver, transfer the tissue to a weigh dish on ice [4.2.1-MED-over the shoulder]… and chop it into fine pieces using a fresh razor blade for 1 minute [4.2.2-CU].  ((I recorded a second take to make it flow better since the spinal cord method is not described anywhere-AN))
4.3. Next, add tissue and the appropriate buffer to the vessel until the buffer reaches the first line.  [4.3.1-MED].  Proceed to homogenize the tissue on ice with the pestle by hand for five passes  [4.3.2-CU].  Care should be taken to remove air bubbles when placing the pestle into the solution, not to remove the pestle above the liquid and to use a steady speed with continuous passes. [This needs to be included (either said or as text overlay)]  ((I recorded a second take to make it flow better since the spinal cord method is not described anywhere-AN))
4.3.1. TEXT overlay:  see text for spinal cord isolation buffer preparation
4.3.2. Talent performs a full pass (pestle submerged in the solution at top of vessel, down to bottom and then back to starting position).  TEXT overlay:  perform 5 passes

4.4. Continue to process the samples with centrifugation and homogenization as listed in the text protocol [4.4.1-WIDE].  After combining the new supernatants with the first supernatant from each sample, centrifuge the tubes in a fixed angle rotor at 10,000 x g, 4 degrees Celsius for 5 minutes [4.4.2-MED-over the shoulder].
4.4.1. Talent places the samples into the centrifuge.

4.4.2. Tubes containing the combined supernatants as then are placed in a fixed angle rotor.
4.5. Carefully aspirate the top white, fluffy layer using a pipet tip and/or pushing it to the sides of the tube. Then, gently pour off the rest of the supernatant and resuspend the liver mitochondria pellets in 500 microliters of mitochondrial isolation buffer.  Mitochondria from liver are brown [4.5.1-CU]. [Either a text overlay or stated, should be consistent with what is decided (overlay or voice) with description of color in step 3.9 above.]  [4.5.2-MED-over the shoulder].  Quickly place the samples on ice [4.5.3-MED]. The newly resuspended mitochondria should then be placed into a clean 1.5 milliliter tube and returned to ice. [This could work as a text overlay rather than being said.]
5. Assessment of mitochondrial (dys)function)
5.1. Immediately before reactions are set up, dilute the mitochondria to 0.5 milligrams per milliliter working concentration with experimental buffer [5.1.1-MED].  [5.1.2-CU]. Add appropriate treatments as listed in the text protocol to separate tubes at 1 tenth the total volume of diluted mitochondria [5.2.1-MED-over the shoulder].  

5.1.1. Use labeled containers.  TEXT overlay (just for the dilution of mitochondria):  see text for experimental buffer preparation

5.1.2. *no comment

5.2. Next, place the diluted mitochondria into each reaction tube and gently agitate each tube to ensure proper mixing. [5.2.1-MED-over the shoulder].  Incubate the reactions on the bench top for 7 minutes [5.2.2-MED].

5.2.1. *no comment

5.2.2. Talent leaves the samples on the bench and starts a timer to count down from 7 minutes.

5.3. Then, add an equal volume of 2 microMolar tetramethylrhodamine, ethyl ester, abbreviated TMRE, to the mitochondrial reaction volume, again gently agitating each tube to ensure proper mixing [5.3.1-CU].

5.4. After incubating the reactions on the bench top for 7 minutes, pellet the mitochondria by centrifugation in a fixed angle rotor at 10,000 x g, 4 degrees Celsius for 5 minutes [5.4.1-MED-over the shoulder].  Then, load half of the supernatant volume of each sample onto a 384-well plate [5.4.2-CU]. 

5.5. Proceed to read the fluorescence of the samples and then calculate the fold-difference in fluorescence between control and each treatment as described in the text protocol [5.5.1-MED-over the shoulder].

5.5.1. Screen as talent reads the fluorescence or calculates the fold-difference in fluorescence.
6. Results: Cytokine treatment leads to increased cell death and decreased membrane potential in mitochondria
6.1. Treatment of HEK-293T cells with TNF-alpha, IL1-beta, and IFN-gamma for 24 to 48 hours leads to progressive amounts of cell death [6.1.1-LM].  Cell viability was assessed using MTT assays that consistently demonstrate that there is an approximate 10% decrease in cell viability with 24 hour treatment [6.1.2-LM]… and an approximate 20% decrease with 48 hour treatment [6.1.3-LM].  
6.1.1. Figure 1A.

6.1.2. Figure 1A.  Highlight the first bar as this is narrated.
6.1.3. Figure 1A.  Highlight the second bar as this is narrated.
6.2. Cells treated with similar concentrations yield similar cell death results at 48 hours [6.2.1-LM], and treatment with individual cytokines reveals that the decrease in viability is due to combinatorial affects [6.2.2-LM].  The viability data represent the mean standard deviation of 3 separate experiments each run in triplicate, and the tightness of the error bars demonstrate the reproducibility of the data [6.2.3-LM].  
6.2.1. Figure 1B.  Highlight the last bar as this is narrated.
6.2.2. Figure 1B.  Highlight the first three bars as this is narrated.

6.2.3. Figure 1B.
6.3. The percent decrease in membrane potential in mitochondria isolated from cytokine-treated cells signifies that mitochondrial health was impacted by cytokine treatments, corroborating viability data [6.3.1-LM].  

6.3.1. Figure 2
7. Conclusion (said by authors on camera)
7.1. Vickie: Following this procedure, other methods like assessment of ATP generation, total ATP, or oxygen consumption, can be performed in order to answer additional questions like what are energy and respiration differences among the different samples [7.1.1-MED].

7.1.1. Vickie speaks toward camera, interview style.
7.2. Tom: After watching this video, you should have a good understanding of how to isolate intact, functional mitochondria and assess the strength of their membrane potential as a reflection of cellular status [7.2.1-MED].

7.2.1. Tom speaks toward camera, interview style.
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.

schematic mock up VDGM
Figure 1A – Authors please provide figure 1A as a separate figure with no “A” label
Figure1B – Authors please provide figure 1B as a separate figure with no “B” label
Figure 2
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, as well as an introduction to your videographer, closer to your filming date.
�I don’t know if how I cut and pasted this section makes sense, so let me explain what I did and what the video actually shows:





The treatments were added to the tubes first and then the mitochondria were added, so there is either an extra step (5.1 resuspend the mitochondria; 5.2 place treatments into appropriate tubes; 5.3 now add diluted mitochondria) 





OR 





The steps, as originally worded, should be switched so that 5.1 is add the treatments into appropriate tubes and 5.2 is dilute the mitochondria and then place them into each tube. 





 2013, Journal of Visualized Experiments


