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Title: Rapid Isolation and Purification of Mitochondria for Transplantation by Tissue Dissociation and Differential Filtration

A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  N.

B. Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? Y. Steps 3.11-3.18.
C. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) 1) Transferring two 6 mm biopsy punches to a dissociation C tube containing 5 mL of Homogenizing Buffer and homogenizing the sample using the tissue dissociator’s 1 minute homogenization program. 2) Adding 250 uL of Subtilisin A solution to the dissociation C tube and inverting the sample several times to mix. 3) Incubating the homogenate on ice for ten minutes. 3) One example of placing a 40 um filter on a 50 mL conical tube and pre-wetting the filter with Homogenizing Buffer. Then discarding the Homogenizing Buffer into a waste container and pouring the homogenate through the filter. 4)Transferring the filtrate to two pre-chilled 1.5 mL microfuge tubes and centrifuging the tubes at 9000 x g for ten minutes at 4 ºC. 5) Removing the supernatant and re-suspending and combining the mitochondrial pellets in 1 mL of Respiration Media.

D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  We make sure to perform the entire experiment at 4 ºC and perform each step as quickly as possible to ensure isolated mitochondria maintain viability.

E. Will the shoot take place in more than one location?  (Y/N, specify travel time between locations) Y, 5-10 minutes travel time.

Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to rapidly isolate pure and respiration competent mitochondria from rat tissue. (Intro)  This is accomplished by first dissociating and homogenizing tissue samples. (P1)  The next steps are to mix Subtilisin A into the homogenate and incubate it on ice. (P2)  This is followed by filtering the homogenate, mixing in BSA and filtering it again. (P3)  The final steps are to spin down the filtrate and re-suspend the mitochondrial pellets in Respiration Buffer.  (P4)  Ultimately, results can show that isolated mitochondria are viable and respiration competent through respiration analysis and an ATP luminescence assay. (P5)
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Video editor:

For P1 to P4 move the timeline along below the steps, showing the minute marker matched to the graphic being animated.  Remove the letters for the final, but they are useful for instructions here.  The other labels should be kept in the animation.

P1 - show two red circles enter tube as in “A” then animate the tube undergoing a centrifugation spin and fade to the tube labeled “B”.

P2 – animate red Substilisin A solution drip from pipette into open tube as in “B”. Then close tube with purple lid. Then invert the tube a few times.

P3 – Animate the contents of “B” pouring through the 40 um filter (yellow block) on tube “C”.  Next show purple BSA solution drip from pipette into open tube (like “C”). Then, animate the contents of tube “C” pour through the 40 um filter (yellow block) on tube “D”. Then, animate content of “D” pouring into tube “E” through the 10 um filter (red block).

P4 - animate pipette entering tube “E” taking up solution and distributing it equally between the two microfuge tubes labeled “F”. Then, animate the two tubes being spun and fade the “F” tubes into the “G” tubes after the spin.

P5 - Figures 2c and 3e, start on 2c and then switch to 3e on the first “and”.

1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Janine Preble: The main advantage of this technique over existing methods that report mitochondrial isolation times ranging from 60-100 minutes, is that viable and respiration competent mitochondria can be isolated in less than 30 minutes. 

1.2. Janine Preble: Allison MacKay, a technician from a collaborating lab, will be demonstrating the ATP luminescence assay. 

Protocol Chapters (read by a voice talent at JoVE):

2. Harvesting Mitochondria

2.1. Just before beginning, dissolve the Subtilisin A in 1 mL of Homogenizing Buffer AND dissolve the BSA, also, in 1 mL of Homogenizing Buffer.

2.1.1. WID: talent at bench adding buffer to Substilisin A

2.1.2. MED: completing the mixture of Sub A solution then making BSA dilution

Authors and Videographer: all bottles of solutions should be clearly labeled for the camera’s view and able to be read and understood for the viewers.  Do your best to meet this criteria, knowing that in some cases it just isn’t feasible.

2.2. Now, start with collecting two fresh tissue samples using a 6 mm biopsy sample punch and store them in 1X PBS on ice in a 50 mL centrifuge tube.

2.2.1. WID: arrives to the bench with biopsy pouch into ice

2.2.2. MED: unloading biopsy into the 50 ml tube with PBS

2.3. When ready, transfer the tissue to a dissociation C tube containing 5 mL of ice cold Homogenizing Buffer.  Then, homogenize the tissue by fitting the tube to the tissue dissociator and selecting the pre-set mitochondrial isolation cycle. (TEXT: 60 second homogenization)

2.3.1. MED: loading dissociation C tube and moving tissue to dissociation C tube

2.3.2. MED: Attaching the tube to the dissociator

2.3.3. CU: tube showing the solution with tissue being blended up by the dissociator

2.4. When completed, put the tube back on ice and add 250 μL of Subtilisin A Stock Solution.  Mix this up by inversion.  

2.4.1. MED: moving tube from dissociator to the ice bucket

2.4.2. MED: taking aliquot of Subtilisin A and adding it to tube, then mixing

2.5. When the mixture looks uniformly distributed, incubate the homogenate on ice for ten minutes.

2.5.1. CU: tube after sufficient mixing

2.5.2. MED: packing tube back into ice

2.6. Next, put a 40-micron mesh filter on a 50 mL conical centrifuge tube and pack this into the ice.  Moisten the filter with Homogenizing Buffer and discard the buffer into a waste container.  Then, once all is ready, pour the homogenate through. 

2.6.1. MED: making 40 µL filter / 50 ml tube assembly and placing into ice

2.6.2. CU: adding buffer to the surface of the filter

2.6.3. MED: pouring solution through the filter

2.7. To the filtrate, add 250 µL of BSA Stock Solution and mix it in by inversion. However, this step should be skipped for mitochondrial protein analysis.

2.7.1. CU: taking filter off the 50 ml tube (and adding aliquot of solution to the tube for shot 2.7.3)

2.7.2. MED: loading the pipette with BSA aliquot

2.7.3. Reuse end of 2.7.1, adding the solution

2.8. Now prepare two more 50 mL conical centrifuge tubes, on ice. Fit one with a 40-micron filter and the other with a 10-micron filter.  Wet both filters with a little Homogenization Buffer and discard this buffer.

2.8.1. MED: jamming two more empty conicals into the ice

2.8.2. CU: adding 40 µm filter and 10 µm filter to the two empty conicals on ice

2.8.3. CU: adding drops of solution to both of the two filters (show how the drops moisten them)

2.9. Then, pour the homogenate first through the 40-micron filter …

2.9.1. MED: pouring solution from 2.7 and pouring through filter

2.10. … and then through the 10-micron filter.  These filtration steps significantly improve the purity of the mitochondria.

2.10.1. CU: taking solution in 50 ml below 40 micron filter and pouring it through the 10 µm filter on the next tube over

2.11. Now, divide the filtrate between two pre-chilled 1.5 mL microfuge tubes and centrifuge them at 9,000 Gs for 10 minutes at 4 ºC.   

2.11.1. MED: taking 10 micron filter off tube and then taking aliquot from tube

2.11.2. CU: loading fist and second 1.5 ml tubes with aliquots from the 50-ml tube

2.11.3. MED: loading the centrifuge with two 1.5 ml tubes and starting cycle

2.12. Then, remove the supernatant and resuspend and combine the two purified mitochondrial pellets in 1 mL of ice cold Respiration Buffer.   It is vital that the entire procedure be conducted at 4 ºC.  The purified mitochondria can now be tested.

2.12.1. ECU: a tube after the spin, showing pellet and supernatant – then pipette enters and removes supernatant, until all that remains is pellet and residual solution

2.12.2. MED: adding Resp Buffer to one tube, getting pellet into the solution, then adding this suspension to the next tube and putting second pellet into the suspension

2.12.3. ECU: final suspension of mitochondria

3. The ATP Assay

3.1. To determine the metabolic activity of the isolated mitochondria, an ATP luminescence assay can be performed using an ATP assay kit.   First, bring the kit reagents to room temperature.  

3.1.1. WID: talent unpacking the ATP lumo-assay kit

3.1.2. MED: pan over reagent spread out on counter, to arrive to room temp

3.2. Next, prepare the ATP Stock Solution and place it on ice.

3.2.1. MED: mixing about 1 ml of water into a pellet in tube 

3.2.2. MED: pacing mix on ice 

3.3. The next step is to add 5 mL of Substrate Buffer to the lyophilized substrate solution.  Mix this gently and place in the dark. 

3.3.1. MED: adding substrate buffer to ATP stock solution

3.3.2. MED: mixing and placing tube in the dark

3.4. Then, add 100 uL of Respiration Buffer to each well of a 96-well plate that is opaque black. Add 10 µL of the prepared mitochondria to wells below the ATP standards. Each unique mitochondrial sample should be plated in triplicate. Plate three wells of Respiration Buffer alone as a negative control.  (TEXT: See plate map Figure 4 for details.)

3.4.1. MED: unpacking a 96 well plate
3.4.1.b Add 100 ul Respiration buffer to each well
3.4.2. MED: adding aliquots of mitochondria (end of section 2) to the wells

3.4.3. CU: filling up a row of wells on one plate

3.5. Continue by adding 50 µL of mammalian cell lysis solution to every well.

3.5.1. MED: loading pipette with lysis solution and adding solution to well(s)

3.5.2. ECU: addition of lysis solution to a loaded well 

3.6. Once loaded, incubate the plate at 37 ºC for 5 minutes on an orbital shaker at 125 rpm.

3.6.1. WID: loading plate onto shaker in incubator, starting the shaking, closing door to incubator

3.7. During the incubation, prepare dilutions of the ATP standard ranging from one-tenth millimolar to one-tenth micromolar.  (TEXT: See text protocol for details.)

3.7.1. MED: mixing up the dilution standards of the ATP

3.7.2. CU: completing the last of the dilution standards, each labeled and visible

3.8. Following the incubation, add 10 µL of each of the ATP standards to corresponding wells, indicated on the plate map.

3.8.1. MED: loading dilution standards to appropriate wells of plate

3.8.2. CU: adding standard solutions to appropriate wells on one plate

3.9. Next, add 50 µL of the reconstituted substrate solution to each well.

3.9.1. MED: mixing up the substrate and taking aliquot, then adding aliquot to one of the standard wells

3.10. Then, incubate the plate again, as before, for five minutes.  Proceed by examining the plates.

3.10.1. Reuse 3.6.1

3.10.2. WID: talent loading plate into the plate reader

3.11. At the plate reader, open the software (TEXT: Open Gen5 1.11)

3.11.1. MED: talent seated at plate reader control computer, opens the software

3.11.2. LAB MEDIA: 3.11-3.18.mp4
Video editor: the lab has provided a video to cover the software portion of this protocol, it is all in one file, so you will have to work it out where the breaks need to be placed. 

3.12. Under “Create a New Item”, click on “Experiment”.   Then, Click on “Default Protocol” and Click “Ok”. 

3.12.1. LAB MEDIA: 3.11-3.18.mp4
3.13. In the left column, select “Protocol” … then “Procedure”.  Next, select “Delay” and set it to ten minutes.  Then, “Ok” the entry.

3.13.1. LAB MEDIA: 3.11-3.18.mp4
3.14. Now, select “Read” and choose “Luminescence” from drop down menu.  Adjust the other settings as follows: Read type: Endpoint; Integration Time: one second; Filter Sets: one; Emission: hole; Optics Position: Top; Sensitivity: 100; Top Probe Vertical Offset: one millimeter.  After making these setting changes, click Okay.

3.14.1. LAB MEDIA: 3.11-3.18.mp4
3.15. Click on plate layout and set it up accordingly. Click okay.

3.15.1. LAB MEDIA: 3.11-3.18.mp4
3.16. Now, with everything set, click the “Read Plate” icon on the top row and click “Read”. 

3.16.1. LAB MEDIA: 3.11-3.18.mp4
3.17. When the spectrophotometer opens, place the plate into the tray with well A1 in the upper left corner. 

3.17.1. LAB MEDIA: 3.11-3.18.mp4
3.18. Now, a box displaying the temperature will open.  Click Okay.   Then, proceed with analysis of the data.

3.18.1. LAB MEDIA: 3.11-3.18.mp4
4. Mitochondria Characterization from Liver and Skeletal Muscle Biopsy
4.1. Skeletal muscle samples weighing about 0.18 grams wet, yielded about 24 billion mitochondria, based on particle size counting.  Liver samples of the same size gave a few billion more mitochondria.  Hemocytometer readings were underestimated.

4.1.1. LAB MEDIA: Figure 2A.JPG

4.2. Using the particle counter, a representative tracing was obtained which shows that isolated mitochondria are localized under one peak with a mean diameter of about four tenths of a micron.  This is in agreement with previous reports.

4.2.1. LAB MEDIA: Figure 2B.JPG

4.3. Using the Bicinchoninic Acid assay, mitochondrial protein was measured at a few milligrams per gram of tissue from skeletal muscle and liver.  The product was viable and respiration-competent mitochondria, isolated in a time frame compatible for clinical and surgical therapeutic intervention.
4.3.1. LAB MEDIA: Figure 2C.JPG

4.4. Transmission electron micrographs indicated that isolated mitochondria were all electron dense, with damage to less than one in ten thousand.  Contamination was at less than one in a hundred thousand.

4.4.1. LAB MEDIA: Figure 2D.JPG

4.5. ATP assay results revealed that mitochondria were viable and that ATP content was around 11 or 15 nanomols per milligram of mitochondrial protein.

4.5.1. LAB MEDIA: Figure 3D.JPG

4.6. Mitochondrial respiration analysis was conducted using a Clark type electrode and revealed that oxygen consumption was about 180 nanomols of oxygen per minute for every milligram of mitochondrial protein.  While RCI values were each around 2.5 with a slightly higher liver score.

4.6.1. LAB MEDIA: Figure 3E .JPG

5. Conclusion Interview (spoken by you on camera) 
5.1. Janine Preble: Once mastered, this technique can be done in < 30 minutes if it is performed properly.
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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.
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