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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) __N____ 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)__Y : (author has uploaded screen shots)
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_____ 2.1, 2.5, 2.6, 5.3______
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _____To acquire well-focused movie_________


1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Video editor: graphics are in ‘51666_graphic overview.pptx’

Procedural Narrative:

The overall goal of this procedure is to acquire time-lapse images of primary rat neonatal cardiomyocytes following lentiviral and adenoviral transduction using confocal spinning disk microscopy. (Intro)

This is accomplished by first harvesting cardiomyocytes from rat pups (Video editor: show cartoon of the rat pup and dish with the hearts, followed by the cartoon on the right with the minced heart) and plating the cells on glass bottom dishes. (Video editor: show the arrow from the plate with minced hearts pointing to the 4 small glass bottom dishes) (P1)

The next step is to perform transduction of EGFP-tagged Connexin43 by lentivirus (Video editor: show the lentiviral transduction cartoon) followed by transduction of dominant-negative FGFR1 by adenovirus in the cardiomyocytes. (Video editor: show the adenoviral transduction cartoon) (P2)

The final step is to acquire time-lapse images using confocal spinning disk microscopy. (Video editor: show the last cartoon of the glass bottom dish and then show two example images – panels ‘a’ and ‘b’ from ‘figure_TS_20140115.pptx’) (P3)

Ultimately, a movie that is played back from acquired time-lapse images can be obtained that shows distribution of EGFP-tagged protein expressed by lentiviral genes in live primary cardiomyocytes under altered cell conditions by an adenoviral expressed protein, dominant-negative FGFR1. (Video editor: show 4-5 seconds from‘s-movie2_2.mov.’) P4)







B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Takashi Sakurai: The main advantage of this technique is that you can take live-cell time-lapse imaging using spinning disk confocal microscope under desired condition by adenoviral and lentiviral gene expression.   
1.2. Na Li: Though this method can provide insight into primary rat neonatal cardiomyocytes, it can also be applied to other systems, such as primary mouse neonatal cardiomyocytes, primary rat or mouse adult cardiomyocytes and other cultured cells. 
1.3. Melissa J. Woolls: Generally, individuals new to microscopy will struggle to take well focused live cell images due to slight drift in the stage over time. By using the autofocus system of the microscope, stable focus is maintained. This allows researchers to take well-focused live cell images more easily. 


Protocol (read by voice talent at JoVE):

2. Isolation of rat neonatal cardiomyocytes (filming at Yale – February 13)

2.1. The neonatal cardiomyocytes used in this procedure are isolated from 1-to-2-day-old rat pups. 

Shots:
2.1.1. MED: Talent taking a cage containing live rat pups to the bench.
2.1.2. CU: Shot of the live pups. Videographer: the main purpose of this step is to show the rat pups before they are euthanized since we don’t want to show the headless pup later.

2.2. Remove the beating heart as quickly as possible from the euthanized animal with sterilized tools, and place the heart in 30 ml of ice-chilled CMF HBSS in a 50-ml conical tube.  

Shots:
2.2.1. CU/ECU: Incision being made to expose the heart, and heart is removed. Videographer:  in this step the pup has been decapitated, but please avoid capturing the whole headless animal.  If you could zoom in to just the area of the heart, that would be ideal.
2.2.2. CU: Heart being placed in 30 ml of ice-chilled CMF HBSS in a 50-ml conical tube.

2.3. Typically, a total of 10 hearts are collected in two 50-ml conical tubes, each with 5 hearts in 30 ml of ice chilled CMF HBSS.  For filming purposes, 2-3 hearts are collected. Swirl the tube to rinse the hearts. 

Shots:
2.3.1. CU: Talent swirling a tube containing 2-3 hearts in 30 ml CMF HBSS.

2.4. All procedures should be done on ice and in a laminar flow hood from here on.  Discard the supernatant and transfer the hearts to a new sterilized 10-cm plastic dish on ice.  Be careful not to aspirate the hearts with the aspirator. 

Shots:
2.4.1. WIDE/MED: Talent approaching the hood with the 50-ml conical tube with hearts.
2.4.2. CU: Supernatant being discarded from the tube and the hearts poured into a new dish.

2.5. Remove large vessels and/or undesired tissues from the hearts.  Add 10 ml of ice chilled CMF HBSS to the dish to rinse the hearts. 

Shots:
2.5.1. ECU: large vessels and/or undesired tissues being removed from a heart.
2.5.2. CU: 10 ml of ice chilled CMF HBSS being added to the dish.

2.6. Next transfer all hearts to a new sterilized 10-cm plastic dish on ice.  Mince the hearts with scissors to less than 1 mm3. 

Shots:
2.6.1. MED: Talent transferring all hearts to a new sterilized 10-cm plastic dish on ice.
2.6.2. CU: Hearts being minced with scissors while on ice.

2.7. Add 9 ml of chilled CMF HBSS to the minced hearts. Add 1 ml of chilled trypsin reconstituted with CMF HBSS (TEXT: 50 g/ml trypsin).

Shots:
2.7.1. MED: Talent adding 9 ml of chilled CMF HBSS to the minced hearts, followed by 1 ml of trypsin with CMF HBSS.

2.8. Seal the dish with Parafilm, cover with aluminum foil, and place it in a cold room overnight. (TEXT: 4 ˚C; overnight)

Shots:
2.8.1. CU: Dish being sealed with Parafilm and then covered with aluminum foil.
2.8.2. MED: Talent putting dish into cold room.

2.9. On the following day, transfer all heart tissue with buffer to a 50-ml conical tube on ice.  Add 1 ml of trypsin inhibitor in CMF HBSS (TEXT: 182 g/ml trypsin inhibitor).  Cap the 50-ml conical tube tightly to prevent contamination.

Shots:
2.9.1. MED: Talent working in hood in cell culture room: transferring all heart tissue with buffer to a 50-ml conical tube and puts the tube on ice.
2.9.2. CU: 1 ml of trypsin inhibitor in CMF HBSS being added to tube and cap is screwed on tightly.

2.10. Incubate the tube for about 30 minutes in a 37˚C incubator to warm the tissue and buffer to 30-37˚C.

Shots:
2.10.1. MED: Talent putting the 50-ml conical tube into a 37 ˚C incubator.

2.11. Next add 5 ml of collagenase in Leibovitz L-15 (TEXT: 94 unit/ml collagenase) and incubate at 37˚C for 45 minutes with gentle shaking (TEXT: 37 ˚C; 45 min; 170-200 rpm). 

Shots:
2.11.1. CU: 5 ml of collagenase being added to 50-ml tube.
2.11.2. MED: Talent putting the tube into an incubator/shaker. 

2.12. After 45 minutes, triturate tissues using an auto pipette:  pipette 20 times at a speed of 3 ml/s. (TEXT: Pipette 20 X; 3 ml/s) Allow tissue residues to settle for 3 minutes and then filter the supernatant with a 70-m cell strainer.

Shots:
2.12.1. MED: Talent by hood: triturating tissues using an auto pipette.
2.12.2. CU: match action above: tissue being triturated 20 times at a speed of 3 ml/s using the auto pipette.
2.12.3. CU: Tube with tissue being set aside to let tissues settle.
2.12.4. CU: Supernatant being filtered with a 70-m cell strainer.

2.13. Add 5 ml of the Leibovitz L-15 to the remaining tissue clumps and triturate and filter the supernatant again. Wash the cell strainer with 2 ml of the Leibovitz L-15.

Shots:
2.13.1. MED Talent adding 5 ml of Leibovitz L-15 to the remaining tissue clumps and triturating the tissue.
2.13.2. CU: Supernatant being filtered.
2.13.3. CU: Cell strainer being washed with 2 ml of the Leibovitz L-15.

2.14. Place the filtered cell solution in a hood for 20 – 60 minutes to allow the collagenase to digest the partially degraded collagen.

Shots:
2.14.1. MED: Talent leaving the filtered cell solution (in a 50-ml conical tube) in the hood.

2.15. Sediment the cells at 100 x g for 5 minutes. Re-suspend the cells in 20 ml of DMEM containing 10% fetal bovine serum, or FBS, and 20 U/ml penicillin/streptomycin, or P/S (TEXT: DMEM + 10% FBS + 20 U/ml P/S).

Shots:
2.15.1. MED: Multiple takes from different angles of talent putting the 50-ml conical tube of cell solution into the centrifuge. Shot will be repeated later.
2.15.2. MED: Talent discarding supernatant and then adding 20 ml medium to resuspend cells.

2.16. Pre-plate the cells on two 10-cm plastic cell culture dishes for 1 hour at 37˚C in a CO2 incubator for cardiomyocyte selection.  Fibroblasts will attach more readily to the bottom of the dish than cardiomyocytes.

Shots:
2.16.1. CU: Cell suspension being plated on two 10-cm plastic cell culture dishes.
2.16.2. MED: Talent putting the dishes into the incubator (in cell culture room).

2.17. After 1 hour, swirl the dishes gently and collect the cardiomyocyte-containing supernatant from the dishes.

Shots:
2.17.1. MED: Talent swirling the dishes gently and then pipetting supernatant from one dish into a 50-ml conical tube. 

2.18. Sediment the cells at 100 x g for 5 minutes. Re-suspend the cells in DMEM containing 10% FBS, 10 U/ml penicillin/streptomycin and 0.1 mM bromodeoxyuridine. (TEXT: DMEM + 10% FBS + 10 U/ml P/S + 0.1 mM BrdU)

Shots:
2.18.1. Use shot from 2.15.1.
2.18.2. MED: Talent resuspending cells in medium.

2.19. Plate cells at 2 x 105 cells per dish in gelatin-coated 3.5-cm glass bottom dishes for observation using the microscope (TEXT: 2 x 105 cells/dish).  Incubate in the CO2 incubator at 37˚C.  Do not disturb the cells after plating for at least 24 hours.

Shots:
2.19.1. CU: Cells being plated in glass bottom dishes.
2.19.2. MED: Talent putting the glass bottom dishes into the incubator.

3. Lentiviral transduction (filming in Germany – February 21)

3.1. Prior to lentiviral transduction of the cardiomyocytes, lentiviral plasmids are packaged, and lentiviral solution is collected according to the procedures described in the accompanying manuscript. (TEXT: Refer to manuscript for procedures for packaging lentiviral plasmids and collecting lentiviral solution) 

Shots:
3.1.1. WIDE/MED: talent approaching the hood in a P2 room with the 15-ml conical tube containing filtered lentiviral solution and puts the tube into the hood.

3.2. To begin the procedure for lentiviral transduction, remove medium from a 3.5-cm glass bottom dish of rat neonatal cardiomyocytes and add 1 ml of filtered lentiviral solution.

Shots:
3.2.1. MED: Talent removing medium from a 3.5-cm glass bottom dish of rat neonatal cardiomyocytes.
3.2.2. CU: 1 ml of filtered lentiviral solution being added to glass bottom dish.

3.3. Incubate the dish in a CO2 incubator at 37˚C for 6 hours. (TEXT: 37 ˚C; 6 h)

Shots:
3.3.1. MED: Multiple takes from different angles of talent putting dish into the incubator.  Shot will be repeated later.

3.4. After 6 hours, replace the medium with new DMEM/MEM containing 5% FBS and penicillin/streptomycin.  Incubate in the CO2 incubator at 37˚C for 3 days. (TEXT: 37 ˚C; 3 days) Integration of the exogenous gene into the host genome by lentivirus is considered to be complete by 72 hours.

Shots:
3.4.1. CU: Medium being removed from the dish and new medium added.
3.4.2. Use shot from 3.3.1.

4. Adenoviral transduction (filming in Germany – February 21)

4.1. Prior to adenoviral transduction, the adenoviral stock solution must be titrated as described in the accompanying manuscript. (TEXT: Refer to manuscript for adenoviral titration protocol) 

Shots:
4.1.1. MED: Talent setting out the viral solution in a sterilized hood in the P2 room (after it has been diluted and incubated for 20 minutes at RT)

4.2. Retrieve the 3.5-cm glass bottom dish of rat neonatal cardiomyocytes that underwent lentiviral transduction.  Replace the medium with 750 l of diluted adenoviral solution. Reduction of medium volume at transduction to about 50% of the original volume is critical for high transduction efficiency.

Shots:
4.2.1. MED: Talent retrieving the 3.5-cm glass bottom dish from the incubator.
4.2.2. CU: Medium is removed from the dish and 750 l of new medium added.

4.3. Incubate in the CO2 incubator at 37˚C for 4-8 hours. (TEXT: 37 ˚C; 4-8 h)

Shots:
4.3.1. CU: Adenoviral solution being added to the dish.
4.3.2. Use shot from 3.3.1.

4.4. Next replace the medium with fresh medium.

Shots:
4.4.1. [slated as 4.3.1] MED: Talent removing the medium and adding fresh medium to the cells in the dish.

4.5. Incubate for 24-48 hours before using the cells for live-cell imaging experiments.

Shots:
4.5.1. Use shot from 3.3.1.




5. [bookmark: _GoBack]Live cell imaging (filming at Yale – February 13)

5.1. Image acquisition using a confocal spinning disk microscope with a temperature controlled chamber and a CO2 environmental system will be demonstrated. At least 1 hour prior to imaging, turn the temperature control system on so that all devices equilibrate to 37˚C.

Shots:
5.1.1. WIDE/MED: Talent approaching the confocal spinning disk microscope system.
5.1.2. MED: Talent turning on the temperature control system.

5.2. Turn on the confocal spinning disk microscope system. 

Shots:
5.2.1. MED: Talent turning on the components of the system in this order: PC, microscope, spinning disk unit, CCD camera, lasers, fluorescent light source, normal light source, motorized stage, and automatic shutters. in our set-up, this process is stream-lined so that we only have to turn on two power strips (each containing the components)

5.3. Place the 3.5-cm glass bottom dish containing rat neonatal cardiomyocytes on the stage of the confocal spinning disk microscope in a temperature controlled chamber. 

Shots:
5.3.1. CU: the 3.5-cm glass bottom dish being placed on the stage of the microscope in a temperature controlled chamber.

5.4. Turn the shutter for the fluorescent light source on.  Find cells expressing fluorescent proteins under the microscope through the eyepiece.  Turn off the shutter for the fluorescent light source.

Shots:
5.4.1. MED: Talent turning the shutter for the fluorescent light source on and then looking for cells through the eyepiece.
5.4.2. MED: Talent turning the shutter for the fluorescent light source off.

5.5. Change the light path to the spinning disk confocal microscope. Adjust settings for acquisition appropriately using the operating software, checking images displayed on the screen. (e.g. Focus, laser power, exposure time, CCD camera gain and off-set)

Shots:
5.5.1. LAB MEDIA: 5-5screen1_2.png (or page 1 of ‘step55_3.pdf’)
5.5.2. LAB MEDIA: 5-5screen1_2_1.png (or page 2 of ‘step55_3.pdf’)

5.6. Set settings for the fluorescent image acquisition.  For example, select “Change channels using light paths” and “Channel 1: EGFP” to acquire fluorescent signal from EGFP for channel one.

Shots:
5.6.1. LAB MEDIA:  5-6screen1_2.png (or page 3 of ‘step55_3.pdf’)
5.6.2. LAB MEDIA:  5-6screen1_2_1.png (or page 4 of ‘step55_3.pdf’)
5.6.3. LAB MEDIA:  5-6screen2_2.png (or page 5 of ‘step55_3.pdf’)
5.6.4. LAB MEDIA:  5-6screen2_2_1.png (or page 6 of ‘step55_3.pdf’)

5.7. Set the frequency between time-points by configuring time-lapse settings in order to take time-lapse images using the operating software. For example, to acquire one time-point every 5 minutes, select “Minutes per Time-point” from the drop-down menu, and enter 5 into the text field.  

Shots:
5.7.1. LAB MEDIA: 5-7screen1_2.png (or page 7 of ‘step55_3.pdf’)
5.7.2. LAB MEDIA: 5-7screen1_2_1.png (or page 8 of ‘step55_3.pdf’)

5.8. Start the time-lapse acquisition by clicking the “start” button to acquire an image sequence.

Shots:
5.8.1. LAB MEDIA: 5-8screen1_2.png (or page 9 of ‘step55_3.pdf’)
5.8.2. LAB MEDIA: 5-8screen1_2_1.png (or page 10 of ‘step55_3.pdf’)

5.9. At the completion of imaging, acquired images can be played back as a movie file and analyzed using the analysis software. 

Shots:
5.9.1. MED/over the shoulder: talent at the computer using the software.
5.9.2. LAB MEDIA: 5_9_1_Velocity6.png (or page 1 of ‘step 59.pdf’)

5.10. Select the acquired images to be included in a movie.  If necessary, crop regions of interest from images and select interesting time-points to reduce the file size of the movie.

Shots:
5.10.1. LAB MEDIA: 5_10_1_original_file.png (or page 2 of ‘step 59.pdf’)
5.10.2. LAB MEDIA: 5_10_2_cropping_regions.png (or page 3 of ‘step 59.pdf’)
5.10.3. LAB MEDIA: 5_10_3_cropping_regions2.png (or page 4 of ‘step 59.pdf’)

5.11. Export images as a movie file in AVI or MOV format. Select a movie format from “Format” and the timing required for the finished movie, then click “Export”.

Shots:
5.11.1. LAB MEDIA: 5_11_1_exporting_images_as_movie.PNG (or page 5 of ‘step 59.pdf’)
5.11.2. LAB MEDIA: 5_11_2_exporting_images_as_movie2.PNG (or page 6 of ‘step 59.pdf’)
5.11.3. LAB MEDIA: 5_11_3_exporting_images_as_movie3.PNG (or page 7 of ‘step 59.pdf’)
5.11.4. LAB MEDIA: 5_11_4_exporting_images_as_movie4.PNG (or page 8 of ‘step 59.pdf’)
5.11.5. LAB MEDIA: 5_11_5_exported_movie.PNG (or page 9 of ‘step 59.pdf’)





6. Results: confocal spinning disk microscopy enables functional studies of proteins in rat neonatal cardiomyocytes

6.1. (new Figure 1) In this representative experiment, rat neonatal cardiomyocytes were transduced with a lentivirus encoding EGFP-tagged Connexin43 or a mutated Connexin43, and an adenovirus encoding a dominant negative fibroblast growth factor receptor 1, FGFR1DN.

Shots:
6.1.1. LAB MEDIA: figure_TS_20140115.pptx (uploaded 1/16/14)

6.2. (new Figure 1) The expression of EGFP tagged proteins was confirmed by confocal spinning disk microscopy (Video editor: zoom in to panels ‘a’ and ‘b’), while the expression of the dominant negative fibroblast growth factor receptor was confirmed by immunocytochemistry (Video editor: zoom in to panel ‘c’) and Western blot (Video editor: zoom in to panel ‘d’).

Shots:
6.2.1. LAB MEDIA: figure_TS_20140115.pptx (uploaded 1/16/14)

6.3. (Supplemental movie 1) Time-lapse images of cardiomyocytes were acquired and played back as a movie.  In this example, the images moved in the x-y plane, possibly because the temperature equilibration was not adequate, or the multiple-acquisition mode was not functioning properly.

Shots:
6.3.1. LAB MEDIA: s_movie1_2.mov

6.4. (Supplemental movie 2) This is from time-lapse images of cardiomyocytes expressing the mutated Connexin43 and FGFR1DN.  Here, the temperature equilibration was adequate, and only a single region of interest was acquired, which resulted in images without movement in the x-y plane.

Shots:
6.4.1. LAB MEDIA: s_movie2_2.mov

6.5. (Supplemental movie 3) The beating of cardiomyocytes was assessed after imaging in order to confirm cell viability.  This movie shows that after 16 hours of time-lapse imaging, EGFP-expressing cardiomyocytes maintained their functional properties and beat rhythmically.

Shots:
6.5.1. LAB MEDIA: s_movie3.mov

7. Conclusion (said by authors on camera)
7.1. Takashi Sakurai: Don't forget that working with adenovirus and lentivirus can be extremely hazardous and precautions such as decontamination should always be taken while performing this procedure.  

 

Provided Media

1A. 51666_graphic overview.pptx’; panels ‘a’ and ‘b’ from ‘figure_TS_20140115.pptx’ and ‘s-movie2_2.mov.’
5.5. – 5.8. step55_3.pdf
5.5. 5-5screen1_2.png; 5-5screen1_2_1.png
5.6. 5-6screen1_2.png; 5-6screen1_2_1.png; 5-6screen2_2.png; 5-6screen2_2_1.png
5.7. 5-7screen1_2.png; 5-7screen1_2_1.png
5.8. 5-8screen1_2.png; 5-8screen1_2_1.png
5.9. – 5.11. step 59.pdf
5.9. 5_9_1_Velocity6.png
5.10. 5_10_1_original_file.png; 5_10_2_cropping_regions.png; 5_10_3_cropping_regions2.png
5.11. 5_11_1_exporting_images_as_movie.PNG; 5_11_2_exporting_images_as_movie2.PNG; 5_11_3_exporting_images_as_movie3.PNG; 5_11_4_exporting_images_as_movie4.PNG; 5_11_5_exported_movie.PNG
6.1. – 6.2. figure_TS_20140115.pptx (uploaded 1/16/14)
6.3. s_movie1_2.mov
6.4. s_movie2_2.mov
6.5. s_movie3.mov



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.
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