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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Yes  
If Yes, can you record movies/images using your own microscope camera?
No  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Leica Stemi 200-CS with holder for a camera 

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.


☒ 	Interview Statements are read by JoVE’s voiceover talent. 


4. Filming location: Will the filming need to take place in multiple locations?   No


Current Protocol Length

Number of Steps:  17
Number of Shots:  39

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Muscle stem cells remain associated with their endogenous niche and can be manipulated easily, for instance through siRNA transfection.

1.1.1. 4.1.3.

1.2. This method makes it possible to analyze muscle stem cells in culture in a setting which resembles the in vivo situation more closely than standard 2D culture models by preserving the niche.

1.2.1. 5.3.1, 5.3.2.



Ethics Title Card
1.3. Procedures involving animal subjects have been performed in accordance with the guidelines of the Leibniz Institute on Aging - Fritz Lipmann Institute and the European Union (EU) directive 2010/63/EU. 

Protocol
2. Preparing pipettes for trituration of the collagenase-digested muscles 
2.1. Begin by cutting sterile Pasteur pipettes with a diamond pen [1]. 
2.1.1. Talent cutting the Pasteur pipette using diamond pen
2.2. For each mouse, use one large bore pipette with an opening of about 0.3 centimeters and a length of about 10 to 12 centimeters and a second glass pipette with a small opening of about 0.1 centimeter and a length of approximately 22 centimeters [1].
2.2.1. Short and large pipette 
2.3. Smoothen the edges of both pipettes by holding the pipette tips in the flame of a Bunsen burner for 5 to 10 seconds with gentle movement [1]. 
2.3.1. Talent flaming the pipette using burner
2.4. Immediately before use, coat both pipettes with sterile Horse serum by filling the whole pipette with 2 milliliters of Horse serum for 5 minutes [1], then ejecting the Horse serum [2] and allowing the pipettes to dry for 5 minutes at room temperature [3].
2.4.1. Talent filling the pipette with serum and then holding it
2.4.2. Talent ejecting the serum
2.4.3. Talent placing the pipettes down to dry

3. EDL muscle isolation and collagenase digestion
3.1. Spray all equipment [1] and the hindlimbs of the mouse with 70% ethanol [2]. Use hardened fine curved scissors and fine forceps to remove the skin and expose the underlying muscles [3-TXT]. 
3.1.1. Talent spraying 70% ethanol on all the equipment
3.1.2. Talent spraying ethanol on the hindlimbs of mouse
3.1.3. Talent dissecting the mouse to remove the skin TEXT: Scissors: 24 mm Forceps: Dumont 7
3.2. Remove the surrounding fascia with the fine curved forceps without damaging the underlying muscles [1].
3.2.1. Talent removing the fascia with forceps
3.3. To remove the tibialis anterior, or TA, grab the distal TA tendon with forceps and cut it with fine scissors [1-TXT]. While holding the TA at the tendon, pull it towards the knee and cut the muscle close to the knee to expose the EDL muscle [2].
3.3.1. Talent removing the TA TEXT: Vannas spring scissors: 5 mm cutting edge, 0.35 mm tip diameter
3.3.2. Talent cutting the muscle close to the knee and exposing the EDL muscle.
3.4. Lift the distal EDL tendon with curved forceps and cut with fine Vannas spring scissors [1]. Expose the proximal EDL tendon by carefully pulling the EDL towards the knee, then cut the proximal tendon with scissors [2]. Incubate the EDL muscles in the reaction tube at 37 degrees Celsius in a circulating water bath [3].
3.4.1. Talent cutting the distal EDL tendon Videographer: This step is important!
3.4.2. Talent pulling and cutting the proximal EDL tendon Videographer: This step is difficult and important!
3.4.3. Talent putting the muscle containing tube in water bath
3.5. Stop the digestion when muscles loosen up and single myofibers are visible [1]. Carefully transfer the muscles with the large bore pipette to the first well of the prewarmed 12-well plate containing myofiber isolation medium [2].
3.5.1. Talent displaying the tube with loosen muscles and single myofibers
3.5.2. Talent transferring the muscle with pipette to the 12-well plate
4. Myofiber dissociation and culture
4.1. Working under a stereo binocular microscope equipped with a heating plate, flush the muscles with warm isolation medium using the large bore pipette [1]. Dissociate the muscles with the large bore pipette [2] until the desired number of myofibers are floating freely in the solution [3].
4.1.1. SCOPE: Talent flushing the muscles with the medium
4.1.2. SCOPE: Talent continuously dissociating the muscles Videographer: This step is important!
4.1.3. SCOPE:  Freely floating muscle fibers in the solution
4.2. To wash the debris, use the small-bore glass pipette to transfer non-contracted myofibers to the second well filled with isolation medium [1], then transfer 50 to 100 non-contracted myofibers to one well of a 24 well plate filled with myofiber culture medium [2].
4.2.1. [bookmark: _Hlk62644897]SCOPE: Talent transferring myofibers to the second well.
4.2.2. SCOPE: Talent transferring myofibers to the well of 24 well plate
4.3. Incubate the myofibers at 37 degrees Celsius and 5 percent Carbon dioxide for 72 to 96 hours [1].
4.3.1. Talent incubating the plate

5. siRNA transfection, fixation and IF staining
5.1. Transfect myofiber associated muscle stem cells 4 hours after myofiber isolation.  Combine 25 microliters of Opti-MEM with the respective volume of siRNA with 25 microliters Opti-MEM containing 1.5 microliters of transfection reagent [1-TXT]. Incubate the reaction mix for 5 minutes [2] and add it to the cells in the 24-well plate [3].
5.1.1. Talent adding Opti-MEM with siRNA to Opti-MEM with transfection reagent. TEXT: Final concentration: 5 pmol siRNA
5.1.2. Talent incubating the reaction mix
5.1.3. Talent adding reaction mix to a well with myofibers.
5.2. To perform immunofluorescence staining, carefully discard the myofiber culture medium while leaving some solution in the well [1]. Add 500 microliters of 2 percent paraformaldehyde to fix the myofibers with their adjacent muscle stem cells [2]. 
5.2.1. Talent discarding the myofiber culture medium.
5.2.2. Talent adding PFA to the plate
5.3. Incubate the plate for 5 minutes at room temperature followed by incubation with antibodies for the immunofluorescence staining [1]. Remove the supernatant carefully [2-TXT] and wash the myofibers three times with PBS [3], then cover the plate with tinfoil [4-TXT].
5.3.1. Talent incubating the plate
5.3.2. Talent removing the supernatant
5.3.3. Talent washing the myofibers with PBS TEXT: PBS- pH 7.4, 500 µL for 5 min at RT each
5.3.4. Talent covering 24 well plate with tinfoil. TEXT: Perform immunofluorescence under light reducing conditions
5.4. Use a hydrophobic pen to draw a circle on a microscopic glass slide [1], then transfer the myofibers in the smallest volume possible to the slide [2] and disperse them [3].
5.4.1. Talent drawing the circle on the slide
5.4.2. Talent transferring the myofibers on glass slide
5.4.3. Talent dispersing the myofibers on the slide
5.5. Remove the residual liquid with the small-bore Pasteur pipette or a 200 microliter pipette [1]. Use two drops of aqueous mounting medium and cover the myofibers with a coverslip [2], then allow the slides to dry [3] and store them at 4 degrees Celsius in the dark followed by microscopic analysis [4].
5.5.1. Talent removing the residual liquid using pipette
5.5.2. Talent mounting myofibrils and putting the coverslip on slides
5.5.3. Talent letting the slides to dry
5.5.4. Talent sitting at the microscope analyzing the slides 



Results
1. Results: Culture and transfection of murine EDL muscle-derived single myofibres
1.1. This protocol demonstrates derivation and culture of single myofibers from murine EDL muscles. Immunofluorescence staining for Pax7 was used to identify nuclei in muscle stem cells [1]. 
1.1.1. LAB MEDIA: Figure 3 Video editor: please highlight figure 3A
1.2. The magnified area exposed the myofiber with its adjacent muscle stem cells and demonstrated the Pax7 immunofluorescence signal in the nucleus of a muscle stem cell [2].
1.2.1. LAB MEDIA: Figure 3 Video editor: please highlight figure 3B
1.3. Muscle stem cells myogenic progression can be analyzed by marker expression. Presence of Pax7 and absence of MyoD expression is associated with quiescent muscle stem cells of freshly isolated myofibers [1]. MyoD expression can be observed in proliferating muscle stem cells [2]. 
1.3.1. LAB MEDIA: Figure 4 Video editor: please highlight 0 h Column of the figure
1.3.2. LAB MEDIA: Figure 4 Video editor: please highlight 42 h Column of the figure
1.4. After 72 hours, muscle stem cells form clusters of progenies with different myogenic states, which is paralleled by expression of different myogenic markers [1]. Pax7 only cells are self-renewing stem cells [2]. Pax7 and MyoD double positive cells are proliferating [3], whereas MyoD only cells are differentiating cells [4].
1.4.1. LAB MEDIA: Figure 4 Video editor: please highlight figure 72 h Column of the figure
1.4.2. LAB MEDIA: Figure 4 Video editor: please highlight Pax 7 row and 72 h Column of the figure and highlight red arrow pointed cell
1.4.3. LAB MEDIA: Figure 4 Video editor: please highlight DAPI+MERGE row and 72 h Column of the figure and highlight red + green arrow pointed cell
1.4.4. LAB MEDIA: Figure 4 Video editor: please highlight MyoD row and 72 h Column of the figure and highlight green arrow pointed cell
1.5. The siRNA transfection of muscle stem cells showed accumulation of cytoplasmic siRNA in a granule-like fashion, indicating efficient uptake [1]. Quantification of transfected Pax7 positive cells per myofiber revealed that the number of transfected cells increased up to 74% after 30 hours [2] with no adverse effect on muscle stem cell numbers [3]. 
1.5.1. LAB MEDIA: Figure 5 Video editor: please highlight figure 5A
1.5.2. LAB MEDIA: Figure 5 Video editor: please highlight figure 5B
1.5.3. LAB MEDIA: Figure 5 Video editor: please highlight figure 5C




Conclusion
2. [bookmark: _Hlk27388131]Conclusion Interview Statements

2.1. When attempting this protocol, it is of utmost importance to carefully dissect the EDL without causing any damage.
2.1.1. 3.3.2, 3.4.2 and 3.5.1
2.2. In addition to siRNA transfection, the analysis of transgenic animals or the incubation with recombinant proteins is possible for further functional analyses of muscle stem cells on their adjacent myofibers. 
2.2.1. 5.5.4.
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