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Authors, please check the answers to the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__No_______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Yes______ 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? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.10, 3.5, 3.8 – 3.12
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.) 2.10, 3.12___________________________
E.  Will the filming need to take place in multiple locations? (Y/N) _No______ 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. Experimental Goal (read by voice talent at JoVE):

The overall goal of this time-lapse video microscopy is to track the selective Parkin-mediated removal of damaged mitochondria during the mitophagy process. (Intro)


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Gabriele Di Sante: This method can help answer key questions in the molecular metabolism field, such as how mitophagy is affected during a pathological condition. 
1.2. Mathew C. Casimiro: The main advantage of this technique is that it provides a very powerful tool for following the dynamics of labeled proteins during their molecular processes.  


C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Timothy Pestell: Though this method can provide insight into the mitochondrion life cycle, it can also be applied to other systems, such as primary cell cultures, embryology studies and predicting aneuploidy.

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
 
N.A.
















Protocol (read by voice talent at JoVE):

2. Electroporation of fibroblasts with EYFP-Parkin and pDsRed2-Mito expression vectors

2.1. The immortalized mouse embryonic fibroblasts used in this study are grown in complete DMEM medium on a 10-cm tissue culture plate at 37°C in a humidified atmosphere containing 5% CO2. [2.1.1 – MED-multiple takes] 

2.1.1. Multiple takes from different angles of talent approaching the incubator, opening the door and putting a 10-cm plate of MEFs into the incubator. 

2.2. When the cells are at 80% confluency, [2.2.1 – MED] discard the medium by sterile suction and add 10 ml of sterile PBS. [2.2.2 – CU- multiple takes] Remove the PBS and add 1 ml of 0.25% Trypsin-EDTA. [2.2.3 – CU- multiple takes]

2.2.1. Talent taking 10-cm plate out of the incubator.
2.2.2. *film as written. Multiple takes from different angles.
2.2.3. *film as written. Multiple takes from different angles.

2.3. Incubate the plate at 37°C for 2-3 minutes until the cells are detached.  [2.3.1 – MED- multiple takes]

2.3.1. Multiple takes from different angles of talent putting the plate into the incubator.

2.4. Add 4 ml of complete DMEM medium and resuspend the cells. [2.4.1 – MED] Take out 10 microliters of the cell suspension for counting with a hemocytometer. [2.4.2 – CU]

2.4.1. *film as written.
2.4.2. A 10-microliter aliquot being pipetted into a microfuge tube or loaded into a hemocytometer.
2.4.3. [added] counting the cells at the scope

2.5. Seed 1x106 cells onto a 10-cm tissue culture dish [2.5.1 – CU] and incubate for 24 hours.  [2.5.2 – reuse shot]

2.5.1. *film as written.
2.5.2. Use shot from 2.1.1.

2.6. On the following day, wash the cells once with PBS [2.6.1 – reuse shot] and detach the cells by trypsinization as demonstrated earlier. [2.6.2 – reuse shot][2.6.3 - reuse shot]

2.6.1. Use shot from 2.2.2.
2.6.2. Use shot from 2.2.3.
2.6.3. Use shot from 2.3.1.

2.7. Add 4 ml of complete DMEM medium, resuspend the cells, and transfer the cell suspension to a 15-ml tube. [2.7.1 – MED]

2.7.1. *film as written.

2.8. Spin the cells at 250 x g and 4°C for 5 minutes. [2.8.1 – MED-multiple takes] Discard the supernatant and resuspend the pellet in 1 ml of sterile PBS. [2.8.2 – CU] Spin the cells again. [2.8.3 – reuse shot-TXT] Discard the supernatant after the second spin. [2.8.4 – CU]

2.8.1. Multiple takes from different angles of talent putting 15-ml tube into the centrifuge. 
2.8.2. Supernatant being removed by sterile suction and 1 ml PBS added to resuspend the pellet.
2.8.3. Use shot from 2.8.1.
2.8.4. Supernatant being removed by sterile suction.

2.9. Add 100 μL of the solution mix for electroporation to the cell pellet and gently resuspend the pellet by pipetting. [2.9.1 – CU] Then add to the cell suspension 2 μg of EYFP-Parkin expression plasmid [2.9.2 – CU-TXT] and 1 μg of DsRed2-Mito (Voiceover: pronounced “DS red two mito”) expression plasmid. [2.9.3– CU-TXT]

2.9.1. *film as written.
2.9.2. EYFP-Parkin plasmid being added to cell suspension. TEXT: EYFP-Parkin encodes Parkin fused to enhanced yellow fluorescent protein.
2.9.3. DsRed2-Mito plasmid being added to cell suspension. TEXT: DsRed2-Mito encodes red fluorescent protein targeted to the mitochondria.

2.10. Use a disposable Pasteur pipet to transfer the solution to a sterile cuvette.  [2.10.1 – CU] Electroporate the cells using a pre-set program. [2.10.2 – MED-TXT] 

2.10.1. *film as written.
2.10.2. Talent putting the cuvette into the electroporator, adjusting the settings, and electroporating the cells. TEXT: Single pulse; voltage 200 V; capacitance 960 μF; pulse time 20 milliseconds, pulse number 1

2.11. Immediately after the electroporation, add 500 μl of fresh pre-warmed complete DMEM medium to the cells [2.11.1 – MED] and seed the cells on a 6-cm live-imaging-grade tissue culture plate. [2.11.2 – CU]

2.11.1. *film as written.
2.11.2. *film as written.

2.12. Incubate the cells in a humidified atmosphere containing 5% CO2 at 37°C for 24 hours. [2.12.1 – MED-multiple takes-TXT]

2.12.1. Multiple takes from different angles of talent putting the 6-cm plate into the incubator. TEXT: 37°C; 5% CO2; 24 h

3. Time-Lapse Video Microscopy

3.1. Prior to starting this procedure, set the temperature of the microscope’s chamber at 37°C. [3.1.1 – MED]

3.1.1. Talent approaching the microscopy system and setting the temperature of the imaging chamber.

3.2. Next prepare a specific live-imaging medium by mixing the following: phenol-free DMEM supplemented with 10% FBS, 2 mmol/l of L-glutamine, 100 U/mL of penicillin, and 100 mg/mL of streptomycin. [3.2.1 – MED] Pre-warm the medium at 37°C in a water bath. [3.2.2 – MED]

3.2.1. *film as written.
3.2.2. *film as written.

3.3. Discard the medium of the electroporated cells by sterile suction and add 1 ml of pre-warmed live-imaging medium. [3.3.1 – MED] Incubate the plate for 30 minutes at 37°C. [3.3.2 – reuse shot-TXT]

3.3.1. Talent removing medium from 6-cm plate (from 2.12) and then using a P1000 pipet to add 1 ml of pre-warmed live-imaging medium.
3.3.2. Use shot from 2.12.1. TEXT: 37°C; 5% CO2; 30 min

3.4. After confirming that the microscope’s chamber is at a stable temperature of 37°C, influx 5% CO2 into the chamber. [3.4.1 – MED]

3.4.1. Talent checking the temperature of the chamber and then influxing 5% CO2 into the chamber.

3.5. Carefully and without major movements or oscillations, place the plate with the electroporated cells into the microscope’s chamber. [3.5.1 – CU]

3.5.1. *film as written.

3.6. Using the software interface, set the microscope to detect the fluorescence signals from the fusion proteins encoded by the EYFP-Parkin [3.6.1 – MED-TXT] and DsRed2-Mito expression vectors. [3.6.2 – MED-TXT]  

3.6.1. Talent setting the excitation and emission ranges for EYFP-Parkin. TEXT: EYFP-Parkin: 495 - 510 nm excitation; 520 - 550 nm emission
3.6.2. [combined with 3.6.1] Talent setting the excitation and emission ranges for DsRed2-Mito.  TEXT: DsRed2-Mito: 558 nm excitation maximum; 583 nm emission maximum

3.7. Open the time-lapse video microscopy software. In the upper menu select FITC for EYFP-Parkin and Rhodamine for DsRed2-Mito. [3.7.1 – SCREEN CAPTURE] Select a magnification of 20X. [3.7.2 - SCREEN CAPTURE]

3.7.1. Screen capture as written.
3.7.2. Screen capture as written.

3.8. Using the software interface, look for a single cell expressing both co-transfected vectors and register the position. [3.8.1 – SCREEN CAPTURE] Do this for a minimum of 10 cells for every experimental condition. [3.8.2 - SCREEN CAPTURE]

3.8.1. Screen capture of a cell being detected and its position registered.
3.8.2. Screen capture of another cell being detected and its position registered.

3.9. Select the menu “Apps” and click on Multi-Dimensional Acquisition. [3.9.1 - SCREEN CAPTURE] In the Multi-Dimensional Acquisition windows, select the parameters needed, such as the number of acquisitions, the interval of time between each acquisition, and the position of the recorded cell. [3.9.2 - SCREEN CAPTURE]

3.9.1. Screen capture as written.
3.9.2. Screen capture of selection of number of acquisitions, interval of time between each acquisition, and the position of the recorded cell.

3.10. Click on “Acquire” to start the basal acquisition of both fluorescent signals. Collect images every 5 minutes for a total interval of 15 minutes. [3.10.1 – MED-multiple takes] 

3.10.1. Multiple takes from different angles of talent clicking “Acquire” on the computer screen to start image acquisition and after checking that it’s going okay, gets up and leaves. 

3.11. While image acquisition is occurring, prepare pre-warmed live-imaging medium containing carbonyl cyanide 4-(trifluoromethoxy)-phenylhydrazone or FCCP at a concentration twice the final working concentration. [3.11.1 – MED] 

3.11.1. Talent adding FCCP to pre-warmed live-imaging medium.

3.12. Interrupt the acquisition process [3.12.1 – MED] and gently add 1 ml of the pre-warmed live imaging medium with FCCP into the plate inside the microscope’s chamber. [3.12.2 – CU]  

3.12.1. Talent approaching the microscope setup and pauses the image acquisition.
3.12.2. *film as written.

3.13. Author name: “After adding the FCCP, it is important to refocus the microscope before resuming the image acquisition.” [3.13.1 – interview shot]

3.13.1. Talent speaking to camera.

3.14. Restart the acquisition process as previously described and collect images for a total period of 3 hours, using the recorded position. [3.14.1 – reuse shot]

3.14.1. Use shot from 3.10.1.

3.15. When image acquisition is complete, save all the acquired images for later analysis. [3.15.1 – MED]

3.15.1. Talent at the computer, saving the images.

4. Results: EYFP-Parkin aggregates in mitochondrial membranes during mitophagy

4.1. Shown here are time-lapse images of EYFP-Parkin and DsRed2-Mito fluorescent signals in fibroblasts prior to FCCP administration. The white boxes represent the magnified areas of the respective panels on the right. [4.1.1 – LM]

4.1.1. Panel A only of ‘Di SANTE ET AL_FIGURE 3_REVISED.tif’

4.2. During the basal time points, EYFP-Parkin, visualized in green, is homogeneously diffused throughout the cell.  The mitochondria network, visualized in red, appears to be well interconnected, as indicated by the white arrows. [4.2.1 – LM]

4.2.1. Panel A only of ‘Di SANTE ET AL_FIGURE 3_REVISED.tif’

4.3. Following FCCP administration, mitochondria fractionation due to membrane depolarization is observed at 5 minutes. [4.3.1-LM] However, EYFP-Parkin is still homogeneously diffused throughout the cytoplasm. [4.3.2 – LM]

4.3.1. Images on the left of panel B only of ‘Di SANTE ET AL_FIGURE 3_REVISED.tif’  Highlight the white arrows pointing to fractionated mitochondria.
4.3.2. Images on the left of panel B only of ‘Di SANTE ET AL_FIGURE 3_REVISED.tif’  Highlight the green panel above the panel with the white arrows.

4.4. At 55 minutes post FCCP administration, EYFP-Parkin is recruited to the damaged mitochondrial membranes to trigger the mitophagy process.  [4.4.1 – LM]

4.4.1. Add the right images of panel B of ‘Di SANTE ET AL_FIGURE 3_REVISED.tif’ Highlight the white arrows in the merged image.

4.5. The movement of EYFP-Parkin to the mitochondrial membrane following FCCP administration is shown in this representative time-lapse movie. [4.5.1 – LM]

4.5.1. JoVE_Video_Parkin (1).avi  

[bookmark: _GoBack]

5. Conclusion (said by authors on camera)
5.1. Gabriele Di Sante: Once mastered, this technique can be done in 2 hours if it is performed properly. 
5.2. Richard Pestell: After its development, this technique paved the way for researchers in the field of autophagy to explore mitochondrial recycling in live cells to study the mitophagy process as a mitochondria quality control in the cells.
 

Provided Media

3.7, 3.8, 3.9. screen capture files to be provided by author.
4.1 – 4.4. Di SANTE ET AL_FIGURE 3_REVISED.tif 
4.5. JoVE_Video_Parkin (1).avi  



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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