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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N

2. Does your protocol include software usage? (Y/N) N

3. Which steps from the protocol section below are the most important for viewers to see? 
2.3.1, 2.4.1, 3.2.1, 3.2.2, 3.2.3

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
There is no single most difficult aspect

5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Dr. Liudmila Leppik: Here we show how to build an electrical stimulation cell culture chamber using a common six-well culture plate, and use the chamber to stimulate osteogenic differentiation in mesenchymal stem cells [1].
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Dr. Liudmila Leppik: Our chamber is easy and inexpensive to build and can be reused in multiple experiments [1].
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.3. Dr.Mit Bhavsar: After being pretreated with electrical stimulation in our chamber, mesenchymal stem cells can be used to improve outcomes in bone tissue engineering treatments [1].
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Dr. Mit Bhavsar: This chamber can also be used to investigate other cell types and electricity-sensitive behaviors, like migration, proliferation, changes in membrane potential, apoptosis and scaffold attachment [1].
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.




















Section - Protocol
2. Construction of Electrical Stimulation Cell Culture Chamber
2.1. In a 6-well plate lid, mark and then drill two 1-millimeter diameter holes, 25 millimeters apart, near the outer edge of each of the 6 wells [1]. Next, cut a platinum wire into twelve 5 centimeters long sections [2]. Manually bend each 5 centimeter section into an L-shape, leaving one end 3 centimeters long and the other 2 centimeters long [3]. 
2.1.1. MED: Talent marks and then drills two holes, 25 mm apart, near the outer edge of each well.
2.1.2. MED: Talent cuts twelve 5 cm long platinum wires.
2.1.3. CU: Close up of a wire as it is bent into an L-shape.
2.2. Then, cut the silver-coated wire into two 35 centimeter lengths [1]. Insert the longer bent end of a platinum wire into the drilled hole, leaving 1 to 2 millimeters protruding from the outside of the lid, bend it using forceps [2]. Afterward, secure the platinum wires in the lid holes with superconductive glue and leave them  to dry for approximately 6 hours [3]. 
2.2.1. MED Talent cut the silver-coated wire into two 35 cm lengths. 
2.2.2. CU: Close up of the platinum wire as it is inserted from inside to out into the drilled hole, leaving 1–2 mm protruding from the outside of the lid.
2.2.3. CU: Close up of the lid as platinum wires are secured with superconductive glue.
2.3. To prepare the cathodes, solder the tips of all six platinum wires protruding from the lid to one of the silver-coated wires [1]. To prepare the anodes, solder the remaining six platinum wires to other silver-coated wires [2]. 
2.3.1. MED: Talent solders the tips of a platinum wire protruding from the lid to one of the silver-coated wire.
2.3.2. CU: Close up of the remaining platinum wires as one of them is soldered to another silver-coated wire.
2.4. Subsequently, add LEDs in the circuit between each of the six anode-cathode platinum electrode pairs to confirm the functionality [1]. Place a piece of black insulation tape under each LED to prevent exposing the cells in the culture plates to LED light [2].
2.4.1. CU: Close up of the circuit as LEDs are added.
2.4.2. CU: Close up of a LED as a piece of black insulation tape is placed underneath.
2.5. Next, glue the wire terminal block connector to the top left corner of the 6-well plate lid [1] and connect both silver-coated wires to the input terminals [2]. Then, cut out a 20 millimeter by 20 millimeter square section from the top left corner of a second 6-well plate lid to accommodate the terminal block connector on the first lid [3]. 
2.5.1. MED: Talent glues the wire terminal block connector to the top left corner of the 6-well plate lid.
2.5.2. CU: Close up of the silver-coated wires as they are connected to the input terminals.
2.5.3. CU: Close up of a second 6-well plate lid as a 20 mm x 20 mm square section is cut out.
2.6. Cover the first lid, equipped with the electrodes, with the second lid and tape them together with adhesive tape [1]. Connect one end of the two standard insulated copper wires to the output terminals of the wire connector [2] and the other ends to banana male connectors [3]. 
2.6.1. MED: Talent covers the first lid with the second lid, then tapes them together with adhesive tape. 
2.6.2. CU: Close up of the copper wires as they are connected to the output terminals of the wire connector. 
2.6.3. CU: Close up of the copper wires as the other ends are connected to the banana male connectors.
2.7. Turn on the power supply by pressing the ON/OFF button on the front panel [1] [2]. Activate channel 1 by pressing button 1 [3].
2.7.1. MED: Talent turns on the power supply by pressing the ON/OFF button on the front panel.
2.7.2. [bookmark: _GoBack]CU: Close up the front panel as the DC power is adjusted. 
2.7.3. CU: Close up the front panel as button 1 is pressed. Shots 2.7.3.to 2.8.2 combined
2.8. Afterward, press button 4 to set the voltage [1]. Set the load output at 2.5 Volt. Then press Enter [2]. 
2.8.1. CU: Close up the front panel as button 4 is pressed to set the voltage. 
2.8.2. CU: Close up the front panel as buttons 2, point and 5 are pressed to set the load output at 2.5 Volt, then enter is pressed.



3. Treating MSCs with EStim
3.1. On the day the cells are treated with EStim, sterilize the electrodes in 70% ethanol solution for 30 minutes [1-TXT]. Then, dry them under UV light in a safety cabinet for an additional 30 minutes [2-TXT].
3.1.1. MED: Talent places the electrodes in 70% ethanol solution. TEXT: 30 min.
3.1.2. MED: Talent places the electrodes under UV light in a safety cabinet. TEXT: 30 min.
3.2. In a laminar flow hood, cover the 6-well plate containing the cultured MSCs with the lid equipped with the electrodes [1-TXT], making sure that the electrodes are completely submerged in the medium [2]. Then, transfer the covered 6-well plate with cells to the incubator and connect its wires to the power supply [3].
3.2.1. MED: Talent covers the 6-well plate containing the cultured MSCs with the lid.  Text: MSCs: Mesenchymal stem/stromal cells.
3.2.2. CU: Close up of the electrodes as they are completely submerged in culture medium.
3.2.3. MED: Talent transfers the covered 6-well plate with cells to the incubator and connects its wires to the power supply.
3.3. Next, set the power supply to 2.5 Volt load output and treat the cells with EStim for 1 hour [1-TXT]. After stimulation, disconnect the power supply and remove the EStim chamber from the incubator [2]. Under sterile conditions, replace the lid equipped with electrodes with a standard 6-well plate lid [3]. 
3.3.1. MED: Talent sets the power supply to 2.5 V load output. TEXT: 1 h.
3.3.2. MED: Talent disconnects the power supply and removes the EStim chamber from the incubator.
3.3.3. CU: Close up of the chamber as the lid is replaced .
3.4. Subsequently, return the cells to the incubator and leave them overnight [1]. Clean the electrodes, first with PBS and then with 70% ethanol solution [2]. Then, clean the accumulated corrosion products from the electrode surface with fine sandpaper [3].
3.4.1. MED: Talent places the cells in the incubator.
3.4.2. MED: Talent places the electrodes in PBS, then transfers them to 70% ethanol solution.
3.4.3. CU: Close up of an electrode as it is cleaned with fine sandpaper. 
3.5. Repeat the EStim treatment for 6 consecutive days. On day 4, prior to applying electrical stimulation and under sterile conditions, change the culture medium by aspirating 1.5 milliliters of medium and replacing it with 1.5 milliliters of prewarmed fresh osteogenic differentiation medium [1-TXT].
3.5.1. MED: Talent changes the culture medium by aspirating 1.5 mL of medium and replacing it with 1.5 mL of prewarmed fresh osteogenic differentiation medium. Text: See the accompanying manuscript for medium’s compositions.
3.6. After applying electrical stimulation for 7 consecutive days, maintain the cells in culture for an additional 7 days, exchanging the medium every 3 to 4 days [1]. When the treatment is completed, analyze the cell morphology changes under a microscope [2].
3.6.1. CU: Close up of the cells as it is placed in the incubator.
3.6.2. MED: Talent places the cells under a microscope.
3.7. To assess the effect of electrical stimulation on MSC osteogenic differentiation, measure calcium deposition [1], alkaline phosphatase activity [2], and osteogenic marker gene expression, as described elsewhere [3].
3.7.1. CU: Close up of a plate with cells and bottles with reagents in a laminar flow hood.
3.7.2. CU: Close up of a plate with cell and kit reagents.
3.7.3. CU: Close up of running qPCR thermocycler and computer screen showing running amplification.














Section – Results
4. Results: Effect of EStim on MSC Morphology and MSC Osteogenic Marker Gene Expression 
4.1. To evaluate the effect of 100 mV/mm of electrical stimulation on the MSC osteogenic differentiation, cells treated with electrical stimulation for 3, 7, and 14 days and non-treated cells were analyzed at day 14 of culture by assessing morphological changes and calcium deposition [1].
4.1.1. LAB MEDIA: Figure 2 - Video Editor: Show figure
4.2. Significant changes in cell morphology and calcium deposits were visible in cells treated with electrical stimulation for 7 [1] and 14 days [2].
4.2.1. LAB MEDIA: Figure 2 - Video Editor: Emphasize Figures 2C and G
4.2.2. LAB MEDIA: Figure 2 - Video Editor: Emphasize Figures 2D and H
4.3. A detailed analysis of osteogenic marker gene expression changes was performed at days 3, 7, and 14 of culture. At day 7 of culture, RunX2 expression was significantly higher in cells treated with electrical stimulation for 7 days [1], whereas ColIa1 expression was significantly higher in cells treated for 7 days, measured at day 14 of culture [2]. 
4.3.1. LAB MEDIA: Figure 3 - Video Editor: Show Figure 3A with the legends (the colored squares with texts at the bottom of Figure 3) to show representations of different colored bars. Then, emphasize the green bar on Day 7 
4.3.2. LAB MEDIA: Figure 3 - Video Editor: show figure 3B with the legends (the colored squares with texts at the bottom of Figure 3) to show representations of different colored bars. Then, emphasize the green bar on Day 14 
4.4. The expression of Osteopontin was significantly increased in electrically stimulated cells at days 3, 7, and 14 of culture [1]. Osterix expression was absent in control cells at all time points, and was seen only at 7 and 14 days of culture in cells exposed to electrical stimulation [2].
4.4.1. LAB MEDIA: Figure 3 - Video Editor: show figure 3C with the legends (the colored squares with texts at the bottom of Figure 3) to show representations of different colored bars.
4.4.2. LAB MEDIA: Figure 3 - Video Editor: show figure 3D with the legends (the colored squares with texts at the bottom of Figure 3) to show representations of different colored bars.


Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Dr. Mit Bhavsar: The electrical stimulation chamber is relatively easy to build, however special care must be taken when handling the platinum wire and when cleaning and sterilizing the electrodes [1]. 
5.1.1. Video editor: Show 2.3.1
5.2. Dr. Liudmila Leppik: Cells pretreated with electricity in this chamber, alone or seeded on scaffold material, can be implanted into animal models to study how the observed beneficial effects of electricity persist in vivo [1].
5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.3. Dr. Liudmila Leppik: This technique provides a simple yet powerful tool for studying the mechanism by which electrical stimulation regulates cell function. This knowledge could be valuable in regenerative medicine cell therapy approaches [1].
5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
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