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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most visually important? 
2.1.-2.5.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.2. Maintaining the C2C12 cells in undifferentiated state. We make sure to subculture the cells at cell densities of <50-60% confluency. 
5. Will the filming need to take place in multiple locations (greater than walking distance)? 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. Dirk Hubmacher: This protocol is significant because it allows us to study the function of proteins, such as extracellular matrix proteins, that are upregulated in later stages of myotube formation or maturation [1]. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Dirk Hubmacher: The main advantage of this method is that we have generated C2C12 cells that can continuously suppress our genes of interest even in mature myotubes [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

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

1.3. Nandaraj Taye: This method can be used to knock down any gene of interest in C2C12 cells by using gene-specific shRNAs and the respective analytical tools for phenotyping [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Sarah Stanley: The most important aspect of this procedure is to maintain C2C12 cells in the undifferentiated state, which means at a low cell density, during routine cell culture [1].

1.4.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera



Section - Protocol
2. C2C12 Transfection
2.1. The day before transfection, seed 5 x 104 C2C12 (C-two-C-twelve) cells per milliliter in 2 milliliters complete DMEM [1-TXT] per well in a 6-well plate to achieve a 40-50% confluence after overnight incubation at 37 degrees Celsius and 5% carbon dioxide [2].
2.1.1. Talent adding medium to wells, with medium container visible in frame TEXT: See text for all medium and reagent preparation details
2.1.2. Talent placing cell culture dish in the incubator
2.2. The next morning, combine 25.5 microliters of PEI (P-E-I) stock solution [1-TXT] with 100 microliters of 25 millimolar sodium chloride in one 1.5-milliliter reaction tube per culture well of an undifferentiated C2C12 cell culture for a 5-minute incubation at 37 degrees Celsius [2-TXT].
2.2.1. Talent adding PEI to tube, with PEI container visible in frame Videographer: Important step TEXT: PEI: polyethylenimine 
2.2.2. Talent adding NaCl to tube, with NaCl container visible in frame Videographer: Important step TEXT: See text for undifferentiated C2C12 culture preparation details
2.3. Next, combine 3 micrograms of plasmid DNA with 100 microliters of 25-millimolar sodium chloride per culture well for a 5-minute incubation at 37 degrees Celsius [1].
2.3.1. Talent adding DNA to tube, with plasmid and NaCl containers visible in frame Videographer: Important step
2.4. At the end of the incubations, combine the entire volume of each diluted PEI reagent with each diluted plasmid solution with gentle pipetting for a 25-minute incubation at 37 degrees Celsius [1].
2.4.1. Talent adding PEI to plasmid with pipetting, with PEI container visible in frame Videographer: Important step
2.5. During the incubation, replace the supernatants of the C2C12 cell cultures with DMEM (D-M-E-M) without antibiotics or serum [1-TXT].
2.5.1. Talent adding medium to well(s), with medium container visible in frame Videographer: Important step TEXT: DMEM: Dulbecco’s Modified Eagle Medium
2.6. At the end of the incubation, add the entire volume of each transfection mix to each well in droplets while continuously moving the cell culture dish [1].
2.6.1. Mix being added to well(s) Videographer: Important step
2.7. After 6 hours in the cell culture incubator, replace the medium in each well with complete DMEM [2].
2.7.1. Medium being added to wells, with medium container visible in frame
3. Transfected C2C12 Selection
3.1. Twenty-four hours after the transfection, replace the complete DMEM in each well with selection medium supplemented with 5 micrograms/milliliter of puromycin [1] and return the cells to the cell culture incubator for 10-14 days or until stable C2C12 cells are observed [2-TXT].
3.1.1. WIDE: Talent adding selection medium to well(s), with selection medium container visible in frame
3.1.2. Talent placing plate into incubator TEXT: Refresh medium every 2-3 d w/ selection medium + puromycin
3.2. Then expand the puromycin-resistant C2C12 cells in low cell density cultures in the presence of 5 micrograms/milliliter of puromycin [1] and cryopreserve 6-10 vials of cells for future use [2-TXT].
3.2.1. Talent adding cells to cryopreservation vials Videographer: Difficult step
3.2.2. Talent placing tubes into cell freezing container Videographer: Difficult step TEXT: Freeze vials at -80° C for 24h before LN2 storage 
4. C2C12 Differentiation
4.1. To prepare the C2C12 cells for differentiation, seed 1.5 x 105 of the stable puromycin-resistant C2C12 cells in 1 milliliter of selection medium per well in a 12-well plate [1] and incubate at 37 degrees Celsius and 5% carbon dioxide until the cultures are 95% confluent [2].
4.1.1. WIDE: Talent adding cells to well(s), with medium container visible in frame
4.1.2. Talent placing plate into incubator
4.2. To induce differentiation, replace the medium in each well with serum-free DMEM every two days [1], following the myotube formation on an inverted bright field microscope equipped with a camera [2].
4.2.1. Talent adding medium to well(s), with medium container visible in frame
4.2.2. LAB MEDIA: Figure 2 brightfield images
5. Phenotypic Analysis
5.1. For myosin heavy chain immunostaining of the differentiated cells, seed 5 x 104 puromycin-resistant C2C12 cells in 500 microliters of complete DMEM per chamber onto an 8-well chamber slide [1] and return the cells to the cell culture incubator [2].
5.1.1. WIDE: Talent adding cells to well(s)
5.1.2. Talent placing chamber into incubator
5.2. When the cells reach 95% confluency, replace the selection medium in each well with 500 microliters of serum-free DMEM [1].
5.2.1. Talent adding medium to well(s), with medium container visible in frame
5.3. At the appropriate experimental time points, rinse the differentiating cells in each well 3 times with 0.5 milliliters of PBS per wash [1] before fixing the cells with 200 microliters of 4% paraformaldehyde in PBS per well [2].
5.3.1. Well(s) being rinsed, with PBS container visible in frame
5.3.2. Talent adding PFA to well(s), with PFA container visible in frame
5.4. After 15 minutes, wash the cells three times with fresh PBS per wash as just demonstrated [1] followed by incubation with 200 microliters of 0.5-molar glycine in PBS per well for 5 minutes [2].
5.4.1. Well(s) being rinsed, with PBS container visible in frame
5.4.2. Glycine being added to well(s), with glycine container visible in frame
5.5. At the end of the incubation, wash the cells three times [1] before permeabilizing the cells with 200 microliters of 0.1% non-ionic surfactant in PBS for 10 minutes [2].
5.5.1. Well(s) being rinsed, with PBS container visible in frame
5.5.2. Talent adding detergent to well(s), with detergent container visible in frame
5.6. Next, block the non-specific antibody binding sites with 200 microliters of 5% bovine serum albumin in PBS per well for 1 hour [1] followed by three washes in PBS [2].
5.6.1. BSA being added to well(s), with BSA container visible in frame
5.6.2. Well(s) being rinsed, with PBS container visible in frame
5.7. After the last wash, label the cells with 200 microliters of myosin heavy chain antibody for 2 hours at room temperature [1-TXT].
5.7.1. Talent adding antibody to well(s), with antibody container(s) visible in frame TEXT: See text for all Ab preparation details
5.8. After three PBS washes, incubate the cells with the appropriate secondary antibody for 2 hours at room temperature protected from light [1-TXT].
5.8.1. Talent adding antibody to well(s), with antibody container(s) visible in frame TEXT: e.g., goat-anti mouse rhodamine red-conjugated Ab
5.9. After three final washes, aspirate the PBS [1] and mount the cells with one drop of mounting medium supplemented with DAPI (DAP-ee) and a coverslip [2-TXT].
5.9.1. PSB being aspirated
5.9.2. Coverslip being placed onto chamber, with mounting medium container visible in frame TEXT: Seal coverslip w/ nail polish before viewing
5.10. Then observe each chamber on a fluorescence microscope using the appropriate filter set [1].
5.10.1. LAB MEDIA: Figure 2 MyHC and MyHC + DAPI images
6. Western Blot Analysis Sample Preparation
6.1. To assess the knockdown efficiency in the cell cultures by western blotting, first seed 3 x 106 puromycin-resistant C2C12 cells in 2 milliliters of complete DMEM per well in a 6-well plate [1].
6.1.1. WIDE: Talent adding cells to well(s)
6.2. After 24 hours, rinse the cultures with PBS [1] and initiate differentiation of the cells with 2-milliliters of serum-free DMEM as demonstrated [1].
6.2.1. Talent adding PBS to well(s), with PBS container visible in frame
6.2.2. Medium being added to well(s), with medium container visible in frame
6.3. For analysis of the secreted proteins, at the appropriate experimental time points, collect 1-milliliter of serum-free conditioned medium from each well into individual 1.5-milliliter reaction tubes for centrifugation [1-TXT].
6.3.1. Talent adding medium to tube(s), with culture plate visible in frame TEXT: 5 min, 500 x g, RT 
6.4. Transfer 1 milliliter of the conditioned medium supernatants into new 1.5-milliliter reaction tubes [1] and precipitate the proteins with 391 microliters of trichloroacetic acid in non-ionic surfactant per tube [2].
6.4.1. Medium being transferred to tube 
6.4.2. Talent adding solution to tube, with TCA/detergent container visible in frame
6.5. After 30 seconds of vortexing [1] … incubate the mixtures on ice for 10 minutes [2].
6.5.1. Tube being vortexed
6.5.2. Talent placing tube on ice
6.6. At the end of the incubation, pellet the precipitated proteins by centrifugation [1-TXT] and wash the protein pellets three times with fresh ice-cold acetone and one centrifugation per wash [2-TXT].
6.6.1. Talent adding tube(s) to centrifuge TEXT: 10 min, >16,000 x g, 4 °C
6.6.2. Talent adding acetone to tube, with acetone container and centrifuge visible in frame as possible TEXT: Discard supernatants into appropriate chemical waste
6.7. After the last wash, air-dry the pellets for 3-4 minutes at room temperature [1] before resuspension in 50 microliters of SDS-PAGE (S-D-S-page) sample buffer per tube [2-TXT]. 
6.7.1. Talent placing pellet to dry
6.7.2. Talent adding buffer to tube, with buffer container visible in frame TEXT: SDS-PAGE: sodium dodecyl sulfate polyacrylamide gel electrophoresis
6.8. Then boil the samples for 5 minutes at 95 degrees Celsius [1] before western blot analysis according to standard protocols [2].
6.8.1. Talent placing tube at 95 °C
6.8.2. Talent adding sample to gel
6.9. For intracellular and membrane bound protein analysis, rinse the cell layer in each well with 2 milliliters of PBS per well [1] and use a cell scraper to carefully dislodge the cells in 1-milliliter volumes of PBS [2].
6.9.1. Talent rinsing well(s), with PBS container visible in frame
6.9.2. Cells being scraped
6.10. Transfer the cells into individual 1.5-milliliter tubes for centrifugation [1-TXT] followed by three washes in 1 milliliter of PBS per tube per wash via centrifugation [2].
6.10.1. Talent adding cells to tube(s) TEXT: 3 min, 3240 x g, 4 °C
6.10.2. Talent adding cells to centrifuge
6.11. After the last wash, resuspend the cell pellets in 200 microliters of lysis buffer supplemented with EDTA (E-D-T-A)-free protease inhibitor cocktail reagent for a 30-minute incubation on ice [1].
6.11.1. Talent adding lysis buffer to tube on ice, with lysis buffer and cocktail reagent containers visible in frame
6.12. At the end of the incubation, ultrasonicate the samples for 15 seconds on ice with a power output setting of 10 at an operating frequency of 23 kilohertz [1] and remove the cell debris by centrifugation [2-TXT].
6.12.1. Tube being ultrasonicated on ice
6.12.2. Talent placing tube into centrifuge TEXT: 20 min, 13,680 x g, 4 °C
6.13. Transfer the supernatants into new 1.5-milliliter reaction tubes [1] and determine the protein concentrations according to standard protocols [2].
6.13.1. Supernatant being aspirated, with new tube visible in frame
6.13.2. Talent opening protein assay kit, with sample tube visible in frame
6.14. Combine 100 micrograms of protein with 5x SDS-PAGE sample buffer in a total volume of 60 microliters per sample [1] and boil the samples for 5 minutes at 95 degrees Celsius [2]. 
6.14.1. Talent adding protein to buffer, with buffer container visible in frame
6.14.2. Talent placing sample at 95 °C
6.15. [bookmark: _GoBack]Then analyze the samples by western blotting for the presence of the desired target protein [3].
6.15.1. Talent adding sample to gel


Section – Results
7. Results: Representative C2C12 Selection, Differentiation, and Knockdown Validation

7.1. The selection of puromycin-resistant C2C12 cells can be achieved within 10-14 days of transfection due to an efficient elimination of the non-resistant cells [1]. 

7.1.1. LAB MEDIA: Figure 1B

7.2. Typically, more than 80% of the C2C12 cells detach from the cell culture dish during this time period and are removed during routine cell maintenance [1].

7.2.1. LAB MEDIA: Figure 1B Video Editor: please add/emphasize red arrows/emphasize cells indicate by red arrows

7.3. Puromycin-resistant C2C12 cells expressing the control or scrambled shRNA (S-H-R-N-A) retain their spindle-shaped, elongated cell morphology at a low cell density, as well as their ability to differentiate into myotubes [1-TXT].

7.3.1. LAB MEDIA: Figure 1B Video Editor: please add/emphasize blue arrows/emphasize cells indicate by blue arrows TEXT: shRNA: short hairpin RNA

7.4. C2C12 differentiation upon serum withdrawal can be monitored by bright field microscopy [1] and immunostaining for the myotube marker myosin heavy chain [2].

7.4.1. LAB MEDIA: Figure 2 Video Editor: please emphasize brightfield images
7.4.2. LAB MEDIA: Figure 2 Video Editor: please emphasize immunostained images

7.5. Myosin heavy chain-positive myotubes are observed between 3-5 days after differentiation initiation [1] and are multinucleated, as observed by the presence of more than one DAPI-positive nucleus within the cell boundaries [2].

7.5.1. LAB MEDIA: Figure 2 Video Editor: please emphasize red signal in days 3 and 5 MyHC images
7.5.2. LAB MEDIA: Figure 2 Video Editor: please emphasize blue signal w/in red signal in days 3 and 5 MyHC + DAPI images

7.6. As the gene expression data in proliferation conditions demonstrate [1], the knockdown efficiency of the transfection is 40-60% [2].

7.6.1. LAB MEDIA: Figure 3B Video Editor: please emphasize 1977, 3086, and 972 data bars
7.6.2. LAB MEDIA: Figure 3B

7.7. Western blot analysis can be performed to confirm the success of the knockdown in cell lysates [1] obtained, for example, from C2C12 cells stably expressing shRNA that targets Adamtsl2 (adam-T-S-L-two) compared to control shRNA-expressing cells [2].

7.7.1. LAB MEDIA: Figure 3C Video Editor: please emphasize 3086 ADAMTSL2 band
7.7.2. LAB MEDIA: Figure 3C Video Editor: please emphasize Ctrl ADAMTSL2 band


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

8.1. Nandaraj Taye: Be sure to maintain the puromycin concentration during the selection process high enough to eliminate all of the non-transfected C2C12 cells or the non-transfected cells may outgrow the transfected cells [1].  
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 4.1.)
8.2. Dirk Hubmacher: This assay allows us to determine the function of extracellular matrix proteins that are expressed later in muscle development even if they are induced 5 or 10 days after differentiation [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.3. Sarah Stanley: Remember, that the RNA extraction reagent and beta-mercaptoethanol should be handled in a fume hood and to handle the trichloroacetic acid according to the appropriate safety protocols [1]. 
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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