One note on the scope shots. I've got the scope cam with the cracked screen, so focus was very difficult. I generally deferred to the authors. (Read: If the focus sucks, it was their fault.)
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A.  Will you require JoVE to record video microscopy? Y: Olympus SZ60 and Olympus SZ11 with SZ-PT phototube.
B.   Does your protocol include descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 
Lens dissection 2.4 - 2.6 and stiffness measurements 3.11 - 3.15

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Lens dissection 2.4-2.5 and stiffness measurements 3.11 - 3.12
E.  Will the filming need to take place in multiple locations? N 
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to evaluate the compressive stiffness and geometry of mouse lenses using a simple and inexpensive approach. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Velia Fowler: This method can help answer key questions in the lens field, such as how do different genetic or experimental perturbations affect the lens biomechanical properties? 

1.2. Velia Fowler: The main advantages of this technique are that it is precise, reproducible and does not require specialized or expensive equipment.  
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. David Gokhin: This method provides insight into the properties of mouse lenses, with the potential application to larger model organisms, such as rats and rabbits.
1.4. Roberta Nowak: Visualization of this method is critical, because the lens dissection and coverslip application steps are difficult to learn without demonstration.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.5. Velia Fowler: Demonstrating the procedure will be Catherine Cheng, a post doc, from my laboratory.
1.5.1. Interview style: Author saying the above 

1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.6. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at The Scripps Research Institute.
Protocol (read by voice talent at JoVE):

2. Lens dissection (Video Editor: Please use ECU or CU shots in this section instead of SCOPE as appropriate/necessary)
2.1. Begin the dissection by using curved forceps to depress the tissue around the eye of a euthanized mouse [2.1.1.-WIDE-TXT], bringing the eye out of the socket [2.1.2.-CU].

2.1.1. Few seconds Talent proptosing eye (Videographer: More Talent than mouse in shot)

2.1.2. Few seconds eye being pressed out of socket 

2.2. Then remove the eye [2.2.1.-CU] and place it in a dissection dish containing fresh PBS under a dissecting microscope [2.2.2.-CU].
2.2.1. Eye being removed

2.2.2. Eye being placed into dish

2.3. Cut off the optic nerve as close to the eyeball as possible [2.3.1.-SCOPE] and gently and carefully insert fine straight tweezers into the eyeball through the hole where the optic nerve exits the posterior of the organ [2.3.2.-SCOPE].

2.3.1. Few seconds optic nerve being removed

2.3.2. Few seconds tweezers being inserted

2.4. Next, carefully make an incision with scissors from the posterior to the edge of the cornea, taking care not to damage the lens [2.4.1.-SCOPE-TXT]. 
2.4.1. Few seconds incision being made (TEXT: Rodent lenses occupy approximately 30% of eye)
2.5. Continue the incision along the junction between the cornea and sclera at least half way around the eyeball [2.5.1.-SCOPE] and gently push on the cornea to remove the lens from the eye through the opening [2.5.2.-SCOPE].

2.5.1. Few seconds incision being continued

2.5.2. Few seconds cornea being pressed/lens being removed

2.6. Then use fine tip straight forceps to carefully remove any large debris that is still attached to the lens [2.6.1.-SCOPE] and visually confirm that the lens is free of damage [2.6.2.-SCOPE-TXT].
2.6.1. Few seconds debris bring removed 

2.6.2. Few seconds lens being moved/rotated to “check” for damage (TEXT: Repeat for each lens)

3. Stiffness measurements
3.1. At least 2 hours before starting the stiffness measurements, use an analytical balance to weigh at least 10 coverslips from the same box [3.1.1.-WIDE-TXT].

3.1.1. Talent placing at least one coverslip onto balance (TEXT: Use same box of coverslips for all experiments)

3.2. Determine the average weight of the coverslips [3.2.1.-MED]. Then pre-wet the coverslips and a right-angle mirror in room temperature PBS [3.2.2.-MED].

3.2.1. Talent at bench, calculating coverslip weight with calculator OR Talent at computer, averaging weights in computer software OR similar representative shot

3.2.2. Talent placing coverslips and/or mirror into PBS

3.3. While the materials are being hydrated, fill the measurement chamber with 65-75 ml of PBS [3.3.1.-MED-TXT] and place the chamber under a dissecting microscope set to a 30x magnification [3.3.2.-CU] with illumination from the bottom [3.3.3.-CU] and a fiber optic light source on the left and right sides [3.3.4.-CU].

3.3.1. Few seconds Talent filling chamber (TEXT: See text for measurement chamber assembly details)

3.3.2. Chamber being placed onto stage, with 30x objective selected and visible in frame

3.3.3. Shot of chamber and then bottom light being turned on

3.3.4. Shot of chamber then left and right lights being turned on (Video Editor: Can show just one light being turned on) 

3.4. When the coverslips are ready, place the right-angle mirror into the chamber [3.4.1.-CU-TXT] at a constant distance from the divot that will be used to hold the lens [3.4.2.-CU].
3.4.1. Mirror being placed into chamber (TEXT: Do not move mirror during experiment)

3.4.2. Figure 2A.tif: please trace/indicate lines from objective to mirror and mirror to coverslips

3.5. Next, using curved forceps, carefully transfer the dissected lenses to the measurement chamber [3.5.1.-CU].

3.5.1. Lens being placed into chamber

3.6. Set the fiber optic power supply to 80% of the maximum light intensity [3.6.1.-MED] and adjust the power supply output based on the ambient lighting, user preference and picture quality as needed [3.6.2.-MED].
3.6.1. Few seconds Talent setting power supply

3.6.2. Few seconds Talent adjusting power supply output

3.7. Obtain top view images of the unloaded lenses from directly overhead of the chamber [3.7.1.-SCOPE].

3.7.1. Shot of at least one top view image

3.8. Then take a picture of the mirror edge in focus [3.8.1.-SCOPE-TXT] followed by a side-view image of the unloaded lens through the mirror outside of the divot [3.8.2.-SCOPE].

3.8.1. Shot of mirror edge in focus (TEXT: Mirror edge = 5 mm for pixels/mm scale bar)

3.8.2. Shot of unloaded lens outside of divot through mirror

3.9 - 3.12 At least one take for each of these shots is simultaneous SCOPE & CU shot.
3.9. Then place a lens into the divot [3.9.1.-SCOPE] and confirm that the lens is seated securely and straight within the divot on its anterior or posterior pole [3.9.2.-SCOPE].
3.9.1. Few seconds lens being placed into divot

3.9.2. Shot of lens secure and straight in divot 
3.10. Take a photo of the lens in the mirror [3.10.1.-WID+SCOPE]. Then gently place a coverslip onto the lens [3.10.2.-SCOPE].

3.10.1. Shot of lens in mirror

3.10.2. Few seconds one coverslip being placed onto lens It would be most beneficial for viewers to see the wide shot and then the scope shot, either in side-by-side or with the scope shot as an inset of the wide shot.
3.11. After 2 minutes, take another side-view image of the loaded lens [3.11.1.-SCOPE].

3.11.1. Side view image of loaded lens

3.12. Continue adding coverslips, obtaining side-view images 2 minutes after the addition of each coverslip [3.12.1.-SCOPE], until a total of 10 coverslips have been applied. [3.12.2.-SCOPE].

3.12.1. Shot of lens loaded with 4-6 coverslips

3.12.2. Shot of lens loaded with 10 coverslips First 50 seconds extra shots of coverslips being added
3.13. Then remove all of the coverslips [3.13.1.-SCOPE WID], wait a final 2 minutes, and obtain side-view images of the lens inside [3.13.2.-SCOPE] and outside of the divot [3.13.3.-SCOPE] and a top-view image of the lens outside the divot [3.13.3.-SCOPE-TXT]. 

3.13.1. Few seconds at least one coverslip being removed

3.13.2. Shot of side view image inside divot Only one take; same as 3.9.2
3.13.3. Shot of side view image outside of divot Only one take; same as 3.8.2
3.13.4. Shot of top view image outside of divot Only one take; same as 3.7.1
4. Lens nucleus measurement and image analysis (Video Editor: Please use ECU or CU shots in this section instead of SCOPE as appropriate/necessary)
4.1. To determine the lens nucleus size, place a lens into a clean petri dish filled with PBS [4.1.1.-WIDE] and use fine straight forceps to gently decapsulate the lens [4.1.2.-SCOPE]. 
4.1.1. Talent placing lets into petri dish

4.1.2. Few seconds lens being decapsulated

4.2. To slough off the cortical fiber cells, roll the lens between gloved fingers [4.2.1.-CU-TXT].

4.2.1. Few seconds lens being rolled through gloved fingers (TEXT: Lens nucleus feels like hard marble)

4.3. Next, gently rinse the lens nucleus in the PBS [4.3.1.-CU] and place the nucleus back into the measurement chamber [4.3.2-CU-TXT].

4.3.1. [combined with 4.2.1] Few seconds nucleus being washed

4.3.2. Nucleus being placed into measurement chamber (TEXT: Do not place nucleus in divot)

4.4. Acquire an image of the lens nucleus through the right-angle mirror [4.5.1.-SCOPE-TXT]. 

4.4.1. Shot of lens nucleus through mirror (TEXT: Repeat for each lens nucleus)

4.5. Finally, to analyze the images, use the appropriate image analysis software to measure the equatorial and axial diameters of the lenses before and after each loading step [4.6.1.-MED-over the shoulder].
4.5.1. Talent at computer, measure at least one diameter 
4.6. Measure the diameter of each lens nucleus as well [4.7.1.-LM].

4.6.1. Figure 4E, 4F and 4G.tif: please highlight/indicate left graph
5. Results: Axial and equatorial strain-load curves and morphological characteristics of 2, 4 and 8 month old wt mouse lenses
5.1. In this representative experiment, the stiffness and dimensions of 2-, 4- and 8-month-old mouse lenses were measured and the axial [5.1.1.-LM] and equatorial strains were calculated [5.1.2.-LM].

5.1.1. Figure 3.tif: please indicate top graph

5.1.2. Figure 3.tif: please indicate bottom graph

5.2. The axial strain is a logarithmic function of applied load [5.2.1.-LM], with a statistically significant age-dependent decrease in the axial [5.2.2.-LM] and equatorial strains under the maximum applied load, indicating that the mouse lens stiffens with age [5.2.3.-LM].
5.2.1. Figure 3A.tif: please indicate top axis

5.2.2. Figure 3A.tif: please add/indicate brackets and asterisks

5.2.3. Figure 3B.tif: please add/indicate brackets and asterisks

5.3. The image data collected during this experiment were also used to determine several other lens morphological characteristics [5.3.1.-LM].
5.3.1. Figure 4_new.tif: no animation
5.4. As expected, the axial [5.4.1.-LM] and equatorial diameters [5.4.2.-LM] and the lens volume increased with age [5.4.3.-LM].
5.4.1. Figure 4A, 4B and 4D.tif: please indicate left graph
5.4.2. Figure 4A, 4B and 4D.tif: please indicate middle graph
5.4.3. Figure 4A, 4B and 4D.tif: please indicate right graph
5.5. The lens aspect ratio did not change with age, however, indicating that the lens has a slightly larger equatorial diameter than axial diameter [5.5.1.-LM], while the diameter [5.5.2.-LM], volume [5.5.3.-LM] and fraction of the lens nucleus increased with age, suggesting that the lens nucleus remodels to increase in relative size as the lens ages [5.5.4.-LM]. 
5.5.1. Figure 4C.tif: no animation
5.5.2. Figure 4E, 4F and 4G.tif: please indicate left graph
5.5.3. Figure 4E, 4F and 4G.tif: please indicate middle graph
5.5.4. Figure 4E, 4F and 4G.tif: please indicate right graph
6. Conclusion (said by authors on camera)
6.1. Catherine Cheng: Once mastered, this technique can be completed in 30-45 minutes per lens, if it is performed properly.

6.2. Catherine Cheng: While attempting this procedure, it’s important to remember to position the lens evenly in the divot and to allow the lens to stress relax for 2 minutes between each additional coverslip.
MOVE 6.4 ABOVE 6.3
6.3. Velia Fowler: This simple, precise and inexpensive technique paves the way for researchers in the lens field to explore the biomechanical effects of gene mutations in mice.
6.4. Velia Fowler: After watching this video, you should have a good understanding of how to assess the compressive stiffness and morphometrics of mouse lenses using the sequential application of coverslips.
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.  

Figure 2A.tif

Figure 3.tif

Figure 3A.tif

Figure 3B.tif

Figure 4.tif

Figure 4A, 4B and 4D.tif

Figure 4C.tif
Figure 4E, 4F and 4G.tif
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 are included in the email accompanying the finalized script.
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