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A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  Yes. Step 4.1, 4.3, 4.4 and 4.6, under single myofiber dissociation and culture.  The microscope I will be suing is a Nikon SMZ1000 stereomicroscope.

B. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) steps 3.4 to 3.10 and 4.1 to 4.4

C. What is the single most difficult aspect of this procedure and what do you do to ensure success?  Isolation of the muscle from tendon to tendon. You need sharp tools, good view of the muscle and its tendons, practice.

1. Introduction (Schematic Overview and Interview)

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

The overall goal of this procedure is to isolate and culture single live fibers ad their associated stem cells from the EDL muscle of adult mice. (INTRO)  This is accomplished by first dissecting out the EDL using a tendon to tendon dissecting procedure that does not damage the fibers. (P1)  Next, a muscle digestion is performed to unbundle the fibers while preserving the myofiber/stem cells association, which is a unique step to this protocol. (P2) In the final step, individual myofibers are gently separated from each other while debris or hypercontracted fibers are removed by sequential washes  (P3 + P4)  Ultimately, myofibers isolated by this technique can either kept in a semi-quiescent state with minimal activation stimuli or be cultured in high serum medium for studying of satellite cells activation and differentiation. (P5)
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Video editor: The authors have provided a panel with the “overall goal” can be used during the INTRO statement.  The schematic for P1-P5 is also very illustrative.  In P1 there is a photo of the dissected EDL muscle from hindlimb) and blow up of the dissected EDL cartooned showing that both tendons are still attached).  For P2 the EDL muscle with the two tendons attached is shown inside of a tube, in the pink liquid (the collagenase solution). In the P3+P4 statement the graphics show EDL muscle when they are first transferred from the tube to the dish and fibers being releasing by gentle trituration ( pipette) then how they look, separated, after the washes.  P5 shows the fibers in more detail under two culture condition, high and low serum.  Under low serum they do not change with time (under low serum conditions satellite cells (the two  pink blobs on top of the fibers) on fibers retain a semi quiescent state)- show this first.  Then, change the heading to high serum and new cells (satellite cells) appear (as orange blobs) that keep changing into new fibers. AP comment:  under high serum conditions, satellite cells ( pink blobs on top of fibers) start to proliferate. Most of them (the one that turn orange) will differentiate and fuse into myotubes ( myotubes are the long structure with the orange blobs inside). Myotubes will then form new fibers. A minority of them ( the one that remain pink all the way) will contribute to form new satellite cells.. This growth can be animated after the heading changes and the narration correspondingly changes. (AP comment: orange blobs are placed at the periphery of the fibers in the into graphic for simplicity purposes, this is not representative of in vivo situation).
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Michael:  Please ad lib a brief statement about the protocol before the introduction of Alessandra.  A description about the protocol’s significance would be preferable.
1.2. Michael: Demonstrating the procedure will be Alessandra a PhD student from my laboratory. 

Protocol (read by voice talent at JoVE):

Video Editor: The author reshot some of the scope footage, and the author and videographer reviewed the shots and came up with a list of what scope footage to use where, see Dissection Takes and Times AMW and AP edits.doc.
2. Preparations

2.1. For each mouse from which EDL are isolated, prepare five plastic 60-mm Petri dishes with a coat of horse serum.  Pipette 4 ml of horse serum onto a dish and swirl it for even coating. Then remove the horse serum, aspirating any leftover serum, and let the dish dry for at least 30 minutes.  

2.1.1. WID: talent at bench unpacking 5 dishes

2.1.2. MED: loading pipette with serum and applying it to dish

2.1.3. MED: swirling dish, removing serum, aspirate any leftover, and setting the dish to dry

2.2. After half an hour, add 4 ml of washing media to four dishes. Label the dishes as follows: muscle after digest, wash1, wash 2, and wash 3. Add 4 ml of fiber culture media to the remaining “fiber culture” dish. Keep the dishes at 37 °C in a 5% carbon dioxide incubator prior to use. 

2.2.1. WID: at bench, loading pipette with washing media. Ejecting media into four of the five dishes, bottles of washing media and culture media are both visible and clearly labeled
2.2.2. MED:, Loading new pipette with culture media and ejecting it into fifth dish

2.2.3. CU: Dish labels. Video Editor, if the dishes are empty in this shot, then move this shot before 2.2.1 (along with its VO sentence). If the dishes have the 4 ml already in them, then this shot stays here.
2.2.4. Wide: Putting dishes in incubator.

2.2.5. Med: Digital Temp and  CO2 read-out. (Can this be an inset to 2.2.4?)
2.3. Next, prepare two sterile Pasteur pipettes for each EDL muscle. Under a microscope, make a large bore pipette by cutting a small bore pipette with a diamond pen so that the opening is large enough for the entire muscle to be flushed through. The second pipette is a small bore pipette for myofiber manipulation. Now, flame the pipettes to smooth the edges and for sterilization. Then coat both pipettes in horse serum.
2.3.1. MED: talent prepares a large bore pipette and cuts the tip.

2.3.1a CU: Puts it next to small bore pipette

2.3.2. WID: talent flames both pipettes

2.3.3. MED: Takes each pipet and coats it in horse serum

2.4. Lastly, be sure to clean all the dissecting tools and the dissecting microscope station with 70% ethanol.

2.4.1. WID: talent at dissecting station wiping it down with ethanol

2.4.2. MED: wiping down tools with ethanol, all clearly visible, clean and laid out in usable locations

3. Muscle Dissection and Digestion

Videographer: Throughout the dissection, if using ECU shots makes it difficult to see the process, then ask that the procedure be performed under a dissecting microscope and take SCOPE shots.  
3.1. For this demonstration, 8-week old transgenic SV129 mice were euthanized.

3.1.1. WID: talent finishes euthanizing mouse and prepares to spray the limbs

3.2. Spray the hind limbs with 70% ethanol.  Then, pin the animal to a support board, face up.  This is needed to provide a better grasp of the hind limbs.

3.2.1. MED: spraying the limbs with ethanol

3.2.2. CU: pinning the animal to the support board, show pin locations

3.3. Next, cut the limb with scissors to expose the underlying muscle. Now, using a fine scissor, cut through the thin fascia without damaging the underlying muscles.  Visually localize the EDL, it is found in the anterior compartment of the hind limb just underneath the Tibialis Anterior, or the TA muscle. 
3.3.1. ECU: cutting into the limb with scissors, exposing the underlying muscles, 
3.3.2. ECU: cutting the facia. the talent will point it out, and show the relationship of the EDL to the TA muscle.
3.4. With the help of forceps, expose the distal tendons.

3.4.1. ECU: exposing distal tendons

3.5. Using sharp Cohann-Vannas spring scissors, cut the distal tendons of both the TA and EDL. 

3.5.1. ECU: cutting the distal tendons of TA and EDL

3.6. Next, hold the EDL and TA muscles by the tendon only and delicately pull the muscle up toward the proximal end and then separate the EDL from the TA.  Do not stretch or touch the muscle when performing this operation as this will damage the myofibers. 

3.6.1. ECU: grasps the tendon attached to the EDL

3.6.2. CU: pulling up EDL and TA, free EDL from TA
LAB MEDIA: Figure 1B
3.7. Now, expose the tendon at the knee level.  It might help at this point to remove the TA muscle to have a better visualization of the knee tendon.

3.7.1. ECU: cutting tissue to expose the tendon at the knee – the TA muscle should be removed

LAB MEDIA: Figure 1C

3.8. Using sharp Cohann-Vannas spring scissors, cut the proximal tendon.  Then, gently remove the EDL.  It is important to isolate the EDL from tendon to tendon so that the myofiber integrity is maintained.

3.8.1. ECU: cutting the proximal tendon, have talent point it out as it is exposed, then removing the EDL so it is isolated from other structures

LAB MEDIA: Figure 1D 

3.9. By holding the muscle through its tendons, transfer it to 2 ml of collagenase solution at 37°C in a water bath. 

3.9.1. CU: setting the muscle into a tube of solution

3.9.2. MED: tube in water bath, showing thermometer at 37 ºC

3.10. Repeat the process to isolate the second EDL and transfer it to the same tube of collagenase.  To avoid an uneven digestion, the isolation of the second EDL should be completed within 5 minutes of isolating the first EDL. 

3.10.1. MED: talent repeating the dissection on the other limb, use this wider angle shot so the viewer can review what instruments are used in what order as well as the general body mechanics of conducting the surgery.  One long tripod shot that can be sped up would be ideal

3.11. Ale: The incubation time may need to be adjusted depending on collagenase activity, the muscle size, animal’s age or muscle condition.  Also note that if the satellite cells are to be observed under quiescence conditions, agitation during the digestion time may activate these cells.  

3.11.1. WID/MED: interview shot of Ale

3.12. Stop the digestion when the muscles start to loosen up and the myofibers become visible.   Using the large bore pipette, carefully transfer both muscles to a pre-warmed Petri dish with 4 ml of washing media. Over-digestion must be avoided, as it results in hyper contracted myofibers.

3.12.1. MED: angle into water bath, talent picks up the tube and gently agitates digested tissue

3.12.2. MED: angle over the shoulder, talent sucks solution into pipette

3.12.3. CU: ejection of solution into dish (Combined with 3.12..2 shot)
4. Single Myofiber Dissociation and Culture

4.1. To release the myofibers, use the large bore glass pipette to flush the muscle with warm medium until the fibers naturally start being released.  Do not triturate the muscle as this will inevitably result in damaging fibers.  

4.1.1. WID: talent at scope preparing to perform flush step on fibers.
4.1.2. SCOPE: Nikon SMZ 1000, showing the muscle fibers being released from the tendon with the flushing. Note: this step was divided into two shots (number 13 and number 14 respectively). Shoot 13 is a zoom out of the flushing. Number 14 is a zoom in of the same action with fibers clearly visible coming out of the digested muscle. I think that both these two shoots should be incorporated in the final video. I can provide extra text if necessary for the voice over. Suggestion: can these two shots be shown simultaneously on the screen?
4.2. Continue releasing the myofibers until the desired number is reached.  Do not leave the dish at room temperature for more than 10 minutes. Return it to the incubator for five minute to re-equilibrate, before working with it any longer. 

4.2.1. MED: talent doing the task performed in last shot

4.2.2. WID: talent picks up dish and walks it to incubator,loads dish into incubator, closes door 

4.3. The culture currently contains a mixture of live single myofibers, which are long and shining tubular structures, hypercontracted fibers, which are dark and short, and debris.

LAB MEDIA: Figure 2A

4.4. Now, using the small size bore pipette, transfer live single myofibers to a new prewarmed dish.  Handle each myofiber individually instead of transferring bulk of myofibers all at once.  If necessary, return the dish to an incubator for 10-15 minutes to re-equilibrate the medium.

4.4.1. MED: talent prepares to transfer 1 fiber with the small bore pipette

4.4.2. SCOPE: sucking up one fiber into the pipette, two takes.  Discard the one we did together and use the new one. For this action I have three shoots:  #24 which is a zoom out of the single pick action and #25 and #26 which are both zoom in of the single pic. 
4.4.3. I added this extra shoot to show what to take and what to discard. This corresponds to shoots # 27 and #28. I think this is important to show as it tells exactly how to identify live fibers form other stuff. I can provide extra text if necessary for the voice over.
4.4.4. MED: ejecting the fiber into a dish, two takes (Use takes 2 and 3)
4.4.5. Use 4.4.2, second take

4.4.6. Use 4.4.3, second take

4.5. Transfer the single myofibers twice more to remove all the dead myofibers and debris.  

4.5.1. MED: talent moving the fibers from one dish to the next dish with the pipette

4.6. Ale: Minimal muscle trituration and fiber manipulation ensure high rates of fibers survival at the end of the procedure. Typically between 150 and 200 live fibers can be produced from one EDL isolation.

4.6.1. WID/MED: interview shot

4.7. By the end of at least three consecutive washes, only single live myofibers should remain in the dish for culture or downstream analysis.

LAB MEDIA: Figure 2B

4.8. Normal live fibers have a long morphology.

LAB MEDIA: Figure 2C 

4.9. By comparison, this is a hyper contracted fiber.

LAB MEDIA: Figure 2C’

4.10. Now, incubate the isolated myofibers in washing media for at least an hour prior to switching to culture medium in a new pre-warmed dish.  High serum medium will allow satellite cell activation.  For long cultures, Matrigel could be appropriate.

Video Editor: Note from videographer: The only exception was that clips for 4.10 and 4.11 did not match the shot descriptions exactly. However, by using 4.10 for 4.11 clips and visa versa, everything matches up!
4.10.1. WID: removing the dish with fibers from an incubator

4.10.2. CU: removing the wash medium from the dish. 
4.10.3. MED: the pipette is loaded from a clearly labeled bottle of culture medium and then ejected onto the dish. Addition: Transferring fibers to culture medium
4.11. Regardless of the chosen medium, change it every other day.  

4.11.1. WID: 
talent arrives at the bench and transfer fibers from their original dish to a new one pre loaded with fresh culture media.
4.12. At the time of the isolation, the satellite cells on each myofibers appear as tiny protuberances on the myofiber surface when observed under a light microscope.

LAB MEDIA: Figure 3A

4.13. If the myofibers are maintained in serum rich medium for extended period of time, fully differentiated myotubes are predominantly observed in the culture. 

LAB MEDIA: Figure 3B

5. Ex vivo expression of Pax7 and Myf5 in myofibers

5.1. A reporter mouse strains, such as the Myf5Cre (pronounced miff five cree) - Rosa YFP line, are optimal tools to study the process of muscle regeneration.  Myotubes derived from a Myf5Cre- Rosa YFP fiber culture express the Myf5 reporter, YFP.  This suggests that muscle regeneration requires the activation of Myf5.

LAB MEDIA: Figure 3C

5.2. The Pax7Cre-TdTomato (pronounced pax seven cree tea dee tomato) mouse strain is another reporter line. TdTomato flourescent signal is detected only by satellite  cells while  myonuclei are clearly negative. This suggest that the transcription factor Pax7 is uniquely expressed by muscle stem cells and not by their differentiated progeny.

LAB MEDIA: Figure 3D and Figure 3E 

5.3. Myofibers and their associated satellite cells can be fixed for downstream immunofluorescence. Pax7 positive, Myod (pronounced my-oh-dee) positive satellite cells are classically considered proliferative committed muscle progenitors. They will either complete the differentiation program by down regulating Pax7 while maintaining Myod expression or return to quiescence by down regulating Myod and maintaining Pax7 expression.

LAB MEDIA: 50074fig4.jpg

6. Conclusion (said by authors on camera)

6.1. Ale: Successful isolation of single myofibers depends on several factors, such as collagenase activity or muscle conditions or age. Most importantly, the isolation of the muscle from tendon to tendon results in long, intact myofibers. Minimal fiber manipulation throughout the procedure allows for higher survival rate.
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