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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  Y
If Yes, can you record movies/images using your own microscope camera?
Y

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Y
If Yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
Videographer: please film screen captures

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?  N

Protocol Length
Number of steps: 34

 

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Yueh-Feng Wu: This protocol uses a multiphoton microscope for live imaging of the entire structure of the mouse ocular surface in a dual fluorescent transgenic mouse model [1].

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

REQUIRED: 

1.2. Yueh-Feng Wu: The combination of a custom multiphoton microscopic platform and dual fluorescent transgenic mice enables the real-time visualization of the distinct cellular and extracellular structures of the ocular surface [1]. 

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

Ethics Title Card

1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Chang Gung Memorial Hospital.
1.4. 

Protocol
2. Multiphoton Microscopy Setup
2.1. To set up the multiphoton microscope, select the water immersion 20x 1.00 NA objective [1] and set the titanium-sapphire laser [2] as the excitation source on an upright microscope [added].
2.1.1. WIDE: Talent approaching microscope
2.1.2. Talent checking laser (Visualize the red spot by 800nm wavelength)
2.1.3. Added shot: Tuning the wavelength from 800nm to 880nm

2.2. Set the laser output wavelength to 880 nanometers for EGFP (E-G-F-P) and 940 nanometers for tdTomato (T-D-tomato) [1-TXT].

2.2.1. Talent at computer, setting wavelengths, with monitor visible in frame TEXT: EGFP: enhanced green fluorescent protein; td: tandem dimer 

2.3. Include two dichroic mirrors for the separation of SHG (S-H-G)-EGFP and EGFP-tdTomato (T-D-tomato) [1-TXT] and use 434-17-, 510-84-, and 585-40-nanometers bandpass filters to spectrally separate the SHG, EGFP, and tdTomato signals [added].

2.3.1. Shot of mirrors TEXT: SHG: Second Harmonic Generation
2.3.1.1 Add shot: Cube with mirrors being inserted
2.3.2. SCREEN: To be provided by Authors: Filters being selected 

2.3.3. To optimize the image quality and to avoid photobleaching and tissue damage, set the laser power to 35 milliwatts for imaging the cornea and 50 milliwatts for imaging the limbus [1]. 

2.3.4. SCREEN: To be provided by Authors: Laser power being set

2.3.5. Then measure the laser power before the laser passes the optical system [1-TXT]. 
2.4. 

2.4.1. SCREEN: To be provided by Authors: Laser power being measured TEXT: Laser power typically 8-9 mW 

3. Eye Holder Setup 

3.1. To set up the eye holder, after confirming a lack of response to pedal reflex in an anesthetized 8-12-week-old mouse [1-TXT], place the mouse on the heated microscope stage [2] and insert a temperature monitoring probe [3].

3.1.1. WIDE: Talent pinching toe Videographer: More Talent than mouse in shot TEXT: Anesthesia: tiletamine HCl + zolazepam HCl 50-80 mg/kg i.m.
3.1.2. Talent placing mouse onto stage Videographer: More Talent than mouse in shot
3.1.3. Probe being inserted

3.2. Place the mouse into a custom stereotaxic mouse holder [1] and insert ear bars into the external auditory meatus [2].

3.2.1. Talent placing mouse into holder Videographer: More Talent than mouse in shot
3.2.2. Ear bar(s) being inserted 

3.3. [bookmark: _Hlk33518656]Use three-point fixation to secure the head holder [1] and apply a 0.4% oxybuprocaine hydrochloride in saline solution to the ocular surface [2].

3.3.1. Holder being secured
3.3.2. ECU: Solution being applied

3.4. After 3 minutes, perform a manual eyelid retraction to confirm eyeball protrusion and carefully place a PE eye holder tube loop along the eyelid margin to expose the ocular surface [1-TXT]. NOTE: Move 3.5 ahead of 3.4.

3.4.1. ECU: Eyelid being retraction Videographer: Important/difficult step TEXT: Caution: Ischemia and bleeding can occur in unprotruded eyeball
3.4.2. Loop being placed Videographer: Important/difficult step TEXT: PE: polyethylene 

3.5. [bookmark: _Hlk33518687]Cover the tips of a pair of number 5 Dumont forceps with the PE tube loop [1] and use the knob of the holder to stabilize the eyeball with the forceps [2]. NOTE: Move 3.5 ahead of 3.4.

3.5.1. Tips being covered Videographer: Important/difficult step
3.5.2. ECU: Eyeball being stabilized Videographer: Important/difficult step

3.6. Then cover the corneal surface with an eye gel with a refractive index of 1.338 [1-TXT].

3.6.1. Gel being applied TEXT: Reapply gel hourly

4. Z-Serial Image Acquisition  

4.1. For z-serial imaging of the corneal surface, use a mercury light source to image the targeting field [1] and open the microscope software [2].

4.1.1. WIDE: Talent selecting light source, with monitor visible in frame
4.1.2. Talent opening software, with monitor visible in frame

4.2. Select the appropriate photomultiplier and digital gains for visualizing the cellular structure in the ocular surface and set the first and the last slide to allow the acquisition of an image stack [1].

4.2.1. SCREEN: 20200624_Start.mp4. 00:37 – 00:41: PMT and digital gains being set, then slide(s) being set

4.3. Set the image resolution to 512 x 512 pixels and the z-step to 1 micrometer [1].

4.3.1. SCREEN: 20200624_Start.mp4. 00:44 – 01:01: Image resolution and z-step being set

4.4. Then click Start to collect z-serial images, acquiring one live image with an 880-nanometer excitation for SHG-EGFP signal collection and one live image at a 940-nanometer excitation for EGFP-tdTomato signal collection within each area [1].

4.4.1. SCREEN: To be provided by Authors: Start being clicked, live image being collected at 880 nm, and live image being collected at 940 nm NOTE: Did not find this in the uploaded SC, may have not been provided.

4.5. Throughout the image, use the stepper-motorized stage holder to rotate the eyeball to allow imaging across the entire corneal surface [1-TXT].

4.5.1. Eyeball being rotated TEXT: i.e., image central cornea to peripheral region

5. Image Processing and 3D Reconstruction

5.1. When all of the images have been acquired, load the z-serial images into Fiji [1] and select the Median 3D Filter plugin [2].

5.1.1. WIDE: Talent loading image(s), with monitor visible in frame
5.1.2. SCREEN: Fiji.mp4. 0:00 – 0:14: Plugin being selected

5.2. After removing the background noise, select the Unsharp Mask filter package Fiji to sharpen the images and click Auto Brightness-Contrast to automatically optimize the quality of the images [1]. 

5.2.1. SCREEN: Fiji.mp4. 0:18 – 0:32: Package being selected, then Brightness/contrast being modifed

5.3. After processing, save the images as a serial image sequence and export the image sequence into an appropriate 3D reconstruction software program [2].

5.3.1. SCREEN: Fiji.mp4. 0:52 – 0:56, 0:00 – 0:25: Image sequence being saved then images being loaded into 3D program

5.4. In all of the multiphoton microscopy images, present the EGFP, tdTomato, and SHG signals in pseudo-green, red, and cyan, respectively, before capturing the 3D structure images by snapshot [1].

5.4.1. SCREEN: AVIZO.mp4. 2:41 – 3:27: Colors being selected, then shot of 3D structure
 


Protocol Script Questions

A. Which steps from the protocol are the most important for viewers to see? 
3.4., 3.5.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.4., 3.5.



Results
6. Results: Representative Mouse Cornea and Conjunctiva Imaging

6.1. Multiphoton microscopy [1] allows the visualization of superficial [2], wing [3] … and basal cells in the corneal epithelium of dual fluorescent transgenic mice [4].

6.1.1. LAB MEDIA: Figure 2
6.1.2. LAB MEDIA: Figure 2 Video Editor: please emphasize Superficial cell image row
6.1.3. LAB MEDIA: Figure 2 Video Editor: please emphasize Wing cell image row
6.1.4. LAB MEDIA: Figure 2 Video Editor: please emphasize Basal cell image row

6.2. Single cells from the basal layer can be mapped to the superficial layer [1] as well as single, hexagonally-shaped superficial cells [2].

6.2.1. LAB MEDIA: Figure 2 Video Editor: please emphasize arrowhead/cell indicated by arrowhead in EGFP Basal cells image
6.2.2. LAB MEDIA: Figure 2 Video Editor: please emphasize arrowhead/cell indicated by arrowhead in tdTomato Superficial cells image

6.3. As revealed by the cytoplasmic expression of the tdTomato signal [1], the membrane protein-rich intracellular vesicular system, including the Golgi apparatus and endoplasmic reticulum, is scattered within the wing cells [2].

6.3.1. LAB MEDIA: Figure 2 Video Editor: please emphasize tdTomato image column
6.3.2. LAB MEDIA: Figure 2 Video Editor: please emphasize tdTomato Basal cells image

6.4. Within the collagenous stroma [1], the stellate-shaped keratocytes are outlined by the membrane-targeting EGFP fluorescence in these mice [2].

6.4.1. LAB MEDIA: Figures 3 and 4 Video Editor: please emphasize arrowheads/cells indicated by arrowheads in EGFP images

6.5. The keratocytes embedded in the collagen stroma [1] are more loosely spaced than within the endothelial cells [2].

6.5.1. LAB MEDIA: Figures 3 and 4 Video Editor: please emphasize green cells in EGFP Stroma image
6.5.2. LAB MEDIA: Figures 3 and 4 Video Editor: please emphasize green cells in EGFP Endothelium image

6.6. In addition, thin branching nerves within the corneal stroma can also visualized by membrane-targeting tdTomato signals [1] and corneal endothelial cell monolayers demonstrate a relatively homogenous hexagonal shape connected in a honeycombed pattern [2].

6.6.1. LAB MEDIA: Figures 3 and 4 Video Editor: please emphasize arrowhead/cell indicated by arrowhead in tdTomato Stroma image
6.6.2. LAB MEDIA: Figures 3 and 4 Video Editor: please emphasize arrowhead/cell indicated by arrowhead in tdTomato Endothelium image

6.7. The limbal epithelium consists of 1-2 layers of epithelial cells [1].

6.7.1. LAB MEDIA: Figure 5 Video Editor: please emphasize Merge image

6.8. The dual fluorescent reporter transgenic mouse strain also enables the imaging of capillaries within the conjunctiva [1], facilitating the reconstruction of the 3D architecture [2] of the capillaries outlining the vascular endothelium [3].

6.8.1. LAB MEDIA: Figure 6A Video Editor: please emphasize arrowhead/capillary being indicated by arrowhead in Merge image
6.8.2. LAB MEDIA: Figure 6B Video Editor: please emphasize arrowheads
6.8.3. LAB MEDIA: Figures 6C and 6D Video Editor: Figures 6C and 6D are magnifications of the vessels indicated in Figure 6B, please emphasize arrowheads/capillaries indicated by arrowheads OR other animation indicating magnification from 6B to 6C and 6D





Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Yueh-Feng Wu: Stabilizing the eyeball with moderate pressure without injury is critical for acquiring good quality images, as insufficient or excessive pressure can compromise the image quality [1].

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (3.4., 3.5.) 

7.2. Yueh-Feng Wu: This in vivo imaging platform can be modified for the visualization of structures beneath the ocular surface and can be applied to the in situ study of various ophthalmic diseases [1].

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