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A.  If your protocol involves working under a microscope, for example, a complex dissection or microinjection, does your microscope have an attached (or attachable) camera (Y/N) __N_____  or should JoVE send a scope camera so that filming can be done through the microscope (Y/N) __N___?
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_2.3, 2.4, 3.2, 3.4, 4.2, and 6.2_________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  __
Grip strength: to distinguish when the mouse grasps correctly
Two limb hanging test: to correct inappropriate hanging behavior and to distinguish when a mouse correctly falls off the wire and does not jump.
Four limb hanging test: to distinguish when a mouse correctly falls off the grid and did not jump, or avoid hanging.____________________________
Treadmill exercise: to correctly motivate mice to run

1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:
The overall goal of these procedures is to determine muscle functionality by means of several non-detrimental functional tests. (Intro)

[bookmark: _GoBack]Strength of the fore limbs can be assessed by means of the grip strength test. (P1: griptest voorbeeld3.jpg)

Balance, coordination and muscle condition can be assessed in the two limb and four limb hanging tests. (P2: hanging test 2 poten_muis1_1.jpg, hanging test 2 poten_muis1_2.jpg, & hanging test 4 poten.jpg)

The rotarod is also used to assess balance, coordination and condition. (P3: Rotarod.jpg)

Forced treadmill running can either be used to exacerbate disease progression or prior to a functional test to exhaust the mice. (P4: _MG_4608.jpg and/or _MG_4615.jpg)

These functional tests can be used to reliably assess the role of genetics and the effect of potential therapeutic compounds on muscle performance. (P5: Figure 5)




B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Videographer and Video Editor: This video will not have an interview segment as the authors do not want their faces shown in the video. Please frame and cut all the shots accordingly.

Protocol (read by voice talent at JoVE):

Forelimb Grip Strength Test
The first test to be shown is the forelimb grip strength test. Ensure that the force transducer’s setting is on “Peak tension mode” for pulling, and use grams as the unit. Reset the meter at the start of each recording. 
2.1.1. WID: Talent, carrying a cage with one or more mice, walks up to the forelimb grip strength apparatus.
2.1.2. MED: Talent switches the setting to Peak tension mode, and either resets the meter or points to the reset button.
Let each mouse pull three times in a row. Grab the mouse by the tail and move it Begin the test by reaching into the cage and grabbing the tail of the mouse. Move the mouse horizontally toward the grid. Check that the mouse grasps the grid tightly with both forepaws and pull to break its grasp.
2.1.3. MED: Talent reaches into cage, grabs a mouse by the tail, and removes the mouse from the cage (do several takes, this will be reused)
2.1.4. MED: Talent moves the mouse horizontally to the grid and allows the mouse to grab it with it forepaws only
2.1.5. CU: Mouse grasping the grid with its forepaws.
Now, pull the mouse away from the grid so that its grasp is broken. The highest force applied to the grid will be shown on the transducer’s display, which can be either manually or automatically recorded. 
2.1.6. [bookmark: _Ref369085570][bookmark: _Ref369086073]CU: Talent pulls the mouse’s tail until the mouse lets go of the grid, then this is repeated twice more for a total of three pulls in a row. (Videographer: Do a couple of takes as this will be reused. In addition to multiple takes of this shot, you may also want to shoot 2.4.1 at this time (or designate one of these takes to be 2.4.1)) (Video Editor: Cut this shot so that only one pull and one letting go by the mouse are shown)
2.1.7. CU: Show the transducer display showing increasing force until a maximum force is displayed.
2.1.8. MED: Talent records the highest force in a notebook or enters it into the computer.
Reject any trials in which the mouse uses only one forepaw or the hindlimbs … or turned during the pull … or clearly did not show resistance to the pull. 	Comment by Putten, M. van (HG): Move this to the end of the section (after 2.5)
2.1.9. [bookmark: _Ref369085510][bookmark: _Ref369085122]CU: Mouse using only one forepaw or using the hindlimbs.
2.1.10. [bookmark: _Ref372656211]CU: Mouse turning during the pull.
2.1.11. CU: Mouse clearly not showing resistance.
2.1.12. LAB MEDIA (optional): Figure 1D can be shown as an inset to 2.4.2 , especially if the action is difficult to see in 2.4.2.
Let the mouse pull the bar two more times (that is, three pulls in a row) and then return it to the cage for a resting period of at least one minute.After the mouse pulled three times, return it to the cage for a resting period of at least one minute.
2.1.13. Reuse 2.3.1 (TEXT: Three pulls in a row) (Video Editor: Show two pulls in a row)
2.1.14. [bookmark: _Ref369086096]MED: Talent returns mouse to the cage, and the mouse settles down to rest (do several takes, some of the mouse being put into the cage, others of the mouse resting in the cage, these shots will be reused) (TEXT: Rest for ≥ 1 min).
Then let the mouse perform four series of pulls, each followed by a short resting period. In this way the mouse pulls a total of 15 times.
2.1.15. Reuse 2.3.1 (pulling and letting go)
2.1.16. Reuse 2.5.2 (resting in cage)
Reuse 2.3.1 (pulling and letting go) (TEXT: 3 pulls x 5 times = 15 pulls). 
Reject any trials in which the mouse uses only one forepaw or the hindlimbs … or turned during the pull … or clearly did not show resistance to the pull. 
2.1.17. CU: Mouse using only one forepaw or using the hindlimbs.
2.1.18. CU: Mouse turning during the pull.
2.1.19. CU: Mouse clearly not showing resistance.
2.1.20. LAB MEDIA (optional): Figure 1D can be shown as an inset to 2.4.2 , especially if the action is difficult to see in 2.4.2.
2.1.21. 
Hanging Tests: Two Limbs
The apparatus for the two-limb hanging test is a 2-millimeter thick metal clothes hanger tightly secured to a shelf with tape. Maintain the hanger around 50 37 centimeters above a layer of bedding.
2.1.22. MED: Talent secures the clothes hanger to the shelf with tape (or just checks the tape if the clothes hanger is already attached)
2.1.23. CU: Talent uses a ruler to show that the distance from the bedding to the hanger is ~35 cm.
Holding the mouse via the tail, bring it near the wire. Let the mouse grasp the wire with the two forepaws only, and lower the hindlimbs in such a way that the mouse only hangs with the two forepaws on the wire.
2.1.24. [bookmark: _Ref369087634]CU: Talent, holding the mouse by the tail, brings the mouse to the wire. Talent lets the mouse grasp the wire with both forepaws, then lowers the hindlimbs so it hangs by its forepaws. Continue filming until the mouse falls off. (Videographer: Do multiple takes, this will be reused. As the mice don’t take direction well, you may want to designate some of these takes to be 3.3.1, 3.3.2, 3.4.1, 3.4.2, 3.5.2, and 3.6.1. (Video Editor: stop this shot after the mouse is hanging independently by its forepaws. Don’t show it falling off yet.)
As soon as the mouse is released, start the timer. After being released, a strong mouse will try to catch the wire with all four limbs and the tail, which is allowed.
2.1.25. [bookmark: _Ref369088066][bookmark: _Ref372655404]MED: After getting a mouse to hold the wire with its forepaws, the Talent releases the mouse and starts the timer. (Videographer: Take multiple shots, this will be reused once)
2.1.26. [bookmark: _Ref369087339]CU: Mouse moves from hanging from its forelimbs to using all four limbs and its tail to hold on to the wire.
2.1.27. LAB MEDIA: use Figure 2C as an inset or split screen in 3.3.2 (optional, only needed if the video doesn’t not capture the grasping with all four limbs and the tail well)
When a mouse shows improper behavior, like balancing on the wire or deliberately jumping off the wire, immediately replace the mouse on the wire without stopping the timer. 
2.1.28. [bookmark: _Ref369088086]CU: Mouse pulls itself up to balance on the wire, and Talent immediately moves the mouse so it is hanging from its forelimbs again (Optional Figure 2D can be used as an inset “balancing on the wire” if the video doesn’t capture the behavior clearly)
2.1.29. [bookmark: _Ref369088093]CU: Mouse deliberately jumps off the wire and Talent immediately places it to hang from its forelimbs again 
When a mouse falls off the wire, stop the timer and record the hanging time.
2.1.30. Reuse 3.2.1 (Video Editor: Show only the part with the mouse falling off the wire (not deliberately jumping))
2.1.31. [bookmark: _Ref369088100]MED: Show mouse falling off wire and Talent immediately stopping the timer.
When mice are able to hang for 600 seconds, take them off the wire and return them to the cage. Give mice that fall before 600 seconds a maximum of two more tries.
2.1.32. [bookmark: _Ref369088120]CU: Show Talent removing a mouse from its hanging position and moving it back towards its cage
2.1.33. Reuse 2.5.2 (placing mouse into cage)
Reuse 3.2.1 (Talent placing mouse on wire)
 When mice fall off the wire, stop the timer and record the hanging time. Directly retest these mice for a maximum of two more times.
2.1.34. Reuse 3.2.1 (Video Editor: Show only the part with the mouse falling off the wire (not deliberately jumping))
2.1.35. MED: Show mouse falling off wire and Talent immediately stopping the timer.
2.1.36. 
Hanging Tests: Four Limbs
For the four limb hanging test, position the lid of a rat cage 35 centimeters above soft bedding to prevent the mice from harming themselves upon falling, but also to discourage mice from intentionally jumping off the grid. 
2.1.37. MED: Talent picks up the hand-made square or cage lid, shows it to the camera, then positions it 35 cm above soft bedding.
Next, place the mouse on the grid so that it grasps the grid with its four paws. Then invert the grid so that the mouse is hanging, and immediately start the timer.
2.1.38. CU: Talent places the mouse on the grid, and mouse grasps the grid with four paws
2.1.39. MED: Talent inverts the grid so the mouse is hanging, then Talent starts the timer.
If a mouse is able to hang for 600 seconds, return it to its cage. Directly retest Give any mice that fall off the grid before 600 seconds for a maximum of two more triestimes.
2.1.40. CU: Mouse hangs on to grid for 600 secs. (Videographer: If the mouse doesn’t hang on, you may want to re-designate the shot to be 4.3.3 and film the rest of that shot)
2.1.41. Reuse 2.5.2 (placing mouse in cage)
2.1.42. [bookmark: _Ref369088540]CU: Mouse falls off grid, Talent picks it up and places it back on the grid, and mouse hangs on again.
Rotarod Running
For the rotarod test, set the initial speed at 5 rpm. Then place up to five mice on the tube as it rotates slowly.
2.1.43. MED: Show rotarod at rest, then Talent sets the speed to 5 rpm and the rotarod begins to turn. (TEXT: 5 rpm)
2.1.44. MED: Talent places five mice onto the rotarod.
Once all of the mice are positioned, increase the speed of the tube from 5 to 45 rpm over 15 seconds, then leave it at 45 rpm for the remainder of the run. Continue to monitor the run throughout the test.
2.1.45. CU: Mice running on rotarod as speed increases (Videographer: Note, you may want to film 5.3.2 at this time) (TEXT: Increase speed to 45 rpm)
2.1.46. MED: Talent watching the mice on the rotarod as it is turning at 45 rpm.
The running time is continuously recorded by the software, and stops automatically when a mouse falls off the tube as this activates the time bar positioned below the tube. 
2.1.47. SCREEN: Screen capture showing the running time being captured by the software
2.1.48. [bookmark: _Ref369089239]CU: Show mouse falling off the rotarod tube.
2.1.49. CU: Show the time bar positioned below the tube (if possible, show the time bar being activated by the falling mouse)
Reposition mice that turn around while running without stopping the rotating tube. End the test session for any mice that are able to run for 500 seconds, and return these mice to their cage. Give mice that fall earlier a maximum of two more tries to allow them to improve their running time.
2.1.50. CU: Talent removes a mouse from the rotarod.
2.1.51. Reuse 2.5.2 (return mouse to cage)
2.1.52. CU: A mouse falls off.  Talent slows the rotarod to 5 rpm and places the mouse back on the rotarod and the mouse starts running again.
Treadmill Exercise
For the treadmill exercise test, place the mice on a horizontal treadmill. Start the treadmill at a running speed of 12 meters per minute.
2.1.53. MED: Talent places several mice on the treadmill.
2.1.54. MED: Talent starts the treadmill running at 12 m/s (TEXT: For mice older >15 mths old, use speeds of 8 m/min)
During the first session, encourage the mice to run by gently pushing them when they are near the end of the belt. After the mice have run for 30 minutes, either immediately test them on the two-limb hanging test or place them back into their cage.
2.1.55. CU: Mice on treadmill. Talent gently pushes any mice that near the end of the belt. 
2.1.56. [bookmark: _Ref372655552]BROLL: 30-60 seconds of mice on treadmill. (This will be used here and in the Conclusion)
2.1.57. Reuse 3.3.1
2.1.58. Reuse 2.5.2  (mice resting in cage)
	
3. Results: Functional Performance in mdx and Wild-Type Mice 
Voice Talent: Please note that there is one more recording for you to do after the Results section, see the green highlighting below.
The forelimb grip strength of 9 weeks old female mdx mice was impaired compared to wild type mice, as shown here. However, the average fatigue was less than 10% and did not vary between the strains.
3.1.1. LAB MEDIA: Figure 1A and Figure 1B (First sentence: show 1A only. Add 1B for the 2nd sentence.)
In the two limb hanging test performed once weekly, both the male mdx mice and the wild type mice displayed a learning curve in the first few weeks of testing. However, the performance of the mdx mice was worse at all time-points compared to the wild type mice. The maximum allowed hanging time of 600 secs is indicated by the dotted line. 
3.1.2. LAB MEDIA: Figure 2A
Four limb hanging performance was assessed once weekly in male mdx and wild type mice. Over time, the mdx mice hung for shorter times than the wild type mice. 
3.1.3. LAB MEDIA: Figure 3A
The rotarod running times did not differ between young male mdx and wild type mice. 
3.1.4. LAB MEDIA: Figure 3B
Directly after running on a treadmill for 30 minutes, female mice were tested with the two limb hanging test. While all wild type mice remained hanging until the maximum allowed time, all mdx mice fell off the wire earlier. 
3.1.5. LAB MEDIA: Figure 4A
The presence of membrane damage was determined by assessing serum Creatine Kinase levels that leak out of muscle fibers through tears in the membrane. Creatine Kinase levels were elevated in mdx mice compared to wild type mice before exercise, and treadmill exercise increased levels in mdx mice, while they remained low in wild type mice. 
3.1.6. LAB MEDIA: Figure 4B
Muscles of mdx mice are very vulnerable to treadmill exercise, worsening disease pathology extensively after a few weeks of running. These H&E stainings of the quadriceps of 16 week old non-exercised and treadmill-exercised mdx mice show that extensive fibrosis and necrosis developed. The muscles of wild type mice undergoing the same running protocol were not affected.
3.1.7. LAB MEDIA: Figure 4C, 4D, 4E (Please add label “Non-exercised mdx” to replace the “C” label, add label “Treadmill-exercised mdx” to replace the “D” label, and “Treadmill-exercised WT” to replace the “E” label.)
Differences in genetic background influence functional performance. The two limb hanging test performance significantly differed between two strains of mdx mice. The four limb hanging test results were slightly higher in the mixed background mdx mice. The rotarod running times also slightly differed between the strains. 
3.1.8. LAB MEDIA: Figure 5A (1st two sentences)
3.1.9. LAB MEDIA: Figure 5B (3rd sentence)
3.1.10. LAB MEDIA: Figure 5B (4th sentence)


4. Conclusion (said by Voice Talent)

4.1. Voice Talent: While attempting this procedure, it’s important to remember to always use sufficiently powered groups of age- and gender-matched mice with corresponding genetic backgrounds. Also keep the experimental conditions as standardized as possible, for example, use the same time of day and weekday, the same room and the same experimenter.
4.1.1. Reuse 6.2.2 (Video Editor: Fade the shot of the running mice and add the following as TEXT over video to match the voiceover):
· Randomization and power
· Age and gender-matched mice
· Wild type mice of corresponding genetic backgrounds
· Standardized experimental conditions
· Same time of day and weekday
· Same experimenter

       

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.


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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