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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__Y_______  
Can you record movies/images using your own microscope camera? (Y/N)____N_____  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: ____Olympus SZ40 dissecting scope with a SZ-CTV camera port_________________________________________
B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
Step 2.3: Sanding the molds 
Step 3.4: Applying the glass disc to PDMS filled mold
Step 4.2: Removal of the PDMS device from mold
Step 5.5: Loading larva into restraining tunnel
___________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
Step 4.2: removal of the PDMS devices from the mold is the most difficult steps of the procedure. If the PDMS device sticks to the mold or is handled roughly it may rip upon attempted removal. It is imperative that the PDMS is sufficiently cured - at least 90 minutes at 100oC.
___________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? ____4 different areas in the same lab facility, so around 50 to 100 feet apart (3D printing area; fume and clean hood; larva loading station; imaging microscope)
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this imaging device fabrication is to create a modifiable platform for microscopic analysis of wound healing in live zebrafish larvae. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jayne: This method can help answer key questions in the wound healing field, such as the contribution of collagen fiber re-organization and cellular responses to subsequent tissue regrowth. 
1.2. Kayla: The main advantage of this technique is that wounding and imaging occurs within a single device while tail regrowth is not impeded by the device. Additionally, the functional compartments of the zWEDGI could be modified independently to accommodate different experimental protocols.   


E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving animal subjects follow the guidelines of the University of Wisconsin-Madison Research Animals Resource Center.


Protocol: (read by voice talent at JoVE)


2. Design and 3D Printing of Molds

2.1. To begin, model the PDMS component of the device with the desired geometries and attributes according to the text protocol [1-LM].  After printing the molds using a photopolymer 3D printer [2-MED/CU], clean the molds using a fine brush, denatured alcohol in a spray bottle, and compressed air [3-CU]. 
2.1.1. LAB MEDIA Source:  https://www.jove.com/files/ftp_upload/56340/56340fig1large.jpg, Editor, show panel A first then add panel B next to it as shown in the figure.
2.1.2. Talent pulls a mold off the 3D printer; Alternatively talent places a new mold onto clean workspace
2.1.3. Talent cleans a mold with a fine brush, alcohol, and compressed air
2.2. Gently scrub and remove the uncured resin, particularly any material from the microchannel regions [1-CU/ECU]. Then post-cure the molds in a UV post cure apparatus for 60 min on each side as uncured resin is toxic to zebrafish larvae [2-MED/CU].  
2.2.1. Talent gently scrubs to remove uncured resin and focuses on microchannel regions
2.2.2. Talent opens UV apparatus and turns molds over to expose other side then closes door and turns on

2.3. Using 200 grit sandpaper, sand the cavity side of the mold on a flat surface until all the sealing surfaces are in contact with the sandpaper [1-CU/ECU-TXT].
2.3.1. Talent sands cavity side of mold on flat surface until all sealing surfaces are in contact with sandpaper (TEXT: Loading channel geometries and mold perimeter) 
2.4. With 400 and 600 grit sandpaper, lightly sand, progressively, to produce smooth flush surfaces across all geometry facings of the mold [1-CU/ECU].  Then use a dial indicator to measure the depth of the cavity after sanding to verify that it is close to the designed depth [2-CU].
2.4.1. Talent uses 400 and 600 grit sandpaper to lightly sand all geometry facings of mold
2.4.2. Talent uses dial indicator to measure depth of cavity
2.5. Clean the molds and glass cover discs by placing them in an ultrasonic cleaner filled with water for 30 min or by flushing them under running water [1-MED/CU-TXT].
2.5.1. Talent places molds and glass cover discs in ultrasonic cleaner filled with water and turns it on (TEXT: Refer to text protocol for details)
2.6. Use isopropyl alcohol and filtered compressed air to clean and blow dry the molds and covers [1-CU].  Prepare a clean bench as a place to fabricate the devices to minimize contamination from airborne debris [2-MED-TXT].
2.6.1. Talent cleans and blow dries molds and covers
2.6.2. Talent sets up/cleans a bench space for fabrication (TEXT: Keep covered in clean Petri dish until needed). 
3. PDMS Fabrication of zWEDGI Device (Pronounced zee WEDGEE)
3.1. Make the PDMS by pouring base and activator, at a ratio of 5:1, into a plastic cup [1-CU-TXT].   With a wooden craft stick, mix well for 2 min, stirring the gel over onto itself, like kneading bread [2-CU]. 
3.1.1. Talent pours base and activator into plastic cup (TEXT: 184 silicone elastomer polydimethylsiloxane; for 5 molds, use 10 g of base, 2 g of activator)
3.1.2. Talent uses wooden stick to ‘knead’ the mixture
3.2. De-gas the mixture in a vacuum desiccator for 25 - 45 min until all bubbles are gone [1-CU].  Then using a 10 ml syringe fill the cavity of each 3D printed mold with approximately 0.75 mL of PDMS until the mold slightly overflows with a meniscus [2-CU/ECU].
3.2.1. Talent places mixture in vacuum desiccator to degas
3.2.2. Talent uses syringe to fill cavity of each mold until it slightly overflows
3.3. De-gas the filled molds for 45 min to remove additional bubbles that may have formed when filling [1-CU].
3.3.1. Talent sets up molds to degas
3.4. Apply a glass cover disc on top of the PDMS-filled mold, pressing the disc down at an angle to prevent bubbles from being trapped. Allow excess PDMS to be expelled as the glass disc cover is applied [1-CU/ECU].  Then use a small ratchet clamp to hold the cover disc tightly to the mold. For efficiency, a multi-clamp device can be used [2-CU].
3.4.1. Talent applies glass cover disc and presses down and excess PDMS is expelled
3.4.2. Talent uses small ratchet clamp to hold cover disc tightly to mold then attaches a multiclamp device
3.5. Cure the PDMS device in the clamped molds at 100 oC in an oven for at least 90 min [1-MED/CU]. Then remove the molds from the oven and allow them to cool until they can be easily handled [2-MED/CU].
3.5.1. Talent places clamped molds in oven set at 100 C
3.5.2. Talent removes molds from oven and places on bench to cool
4. Plasma-bonding zWEDGI to Glass Dish
4.1. Clamp the mold containing the cured PDMS device in a bench vice so that the mold’s geometries are facing up, parallel to the working station bench [1-CU]. 
4.1.1. Talent clamps mold to PDMS device in bench vice with mold’s geometries facing up
4.2. Start to remove the PDMS device by using flat-tipped tweezers to release the PDMS pull tab from the mold. Then work around the perimeter of the mold with the tweezers [1-CU].
4.2.1. Talent uses tweezers to release pull tab from mold then works around perimeter to loosen PDMS device 
4.3. Kayla, Step 4.2 : The PDMS must be cured for at least 90 min at 100oC or it will remain tacky and stick to the mold. The presence of air pockets between the mold and PDMS indicate it has sufficiently cured and will be easily removed [1-INTERVIEW].    
4.3.1. Talent recites the above statement looking off camera
4.4. Use filtered compressed air and tweezers to gently lift the device out of the mold by holding onto the pull tab and blowing air under the device [1-CU].
4.4.1. Talent lifts device out of mold by holding pull tab and blowing air under device
4.5. Next, place the PDMS device upside down onto the inside of the cover of a glass bottomed dish so that the restraining tunnel wedges are touching the plastic [1-CU].  Then place the dish cover with upside-down zWEDGI and the corresponding glass bottomed dish into a plasma cleaner with the inner glass facing upward [2-MED/CU].
4.5.1. Talent places pDMS upside down onto inside cover of glass bottomed dish so that restraining tunnel wedges are touching the plastic 
4.5.2. Talent places dish cover and zWEDGI in glass dish in plasma cleaner 
4.6. Evacuate the plasma cleaning chamber until the pressure reaches 500 mTorr [1-CU]. Set the radio frequency, or RF power to high and expose the device and the dish to RF frequency for approximately 2 min [2-MED/CU]. Then slowly de-pressurize the chamber and return the device and the dish to a clean room hood [3CU].
4.6.1. Talent evacuates the chamber and pressure is seen to reach 500 mTorr
4.6.2. Talent sets RF to high and starts exposure to RF frequency
4.6.3. Talent depressurizes chamber and removes device
4.7. Remove the PDMS device from the dish cover [1-MED/CU]. Then flip over the PDMS zWEDGI to the correct orientation on the glass by positioning it carefully onto the center well of the glass bottom dish [2-ECU]. 
4.7.1. Talent under clean room hood removes PDMS device from dish cover
4.7.2. Talent flips over zWEDGI to correct orientation on glass
4.8. To ensure PDMS adherence to the glass, use the back end of the tweezers to apply pressure around the minute geometries of the microchannels, smoothing the PDMS out toward the edges.  Lightly press down on the PDMS device to ensure air bubbles are not trapped beneath the device [1-CU/ECU].
4.8.1. Talent uses back end of tweezers to apply pressure around minute geometries of microchannels, smoothing out towards edges and lightly presses down to ensure air bubbles are not trapped. 
5. Channel Preparation and Loading Larvae
5.1. Using a micropipette and approximately 100 μL of 70% ethanol, rinse the channels, including through the restraining tunnel [1-CU]. Then remove the ethanol and use double distilled water to rinse the device 2 or 3 times before allowing it to air dry [2-CU].
5.1.1. Talent uses 70% ethanol to rinse channels including restraining tunnel
5.1.2. Talent finishes removing ethanol and uses double distilled water to rinse device then sets to air dry
5.2. Fill the channels with skim milk and incubate the device for 10 min at room temperature to minimize adherence of larvae to the glass coverslip of the dish [1-CU-TXT]. Then, gently submerge the device several times in double distilled water to rinse and allow it to air dry upside down [2-CU]. 
5.2.1. Talent fills device with skim milk and sets it to incubate on bench (TEXT: 1% diluted in water)
5.2.2. Talent submerges device in ddH20 several times then turns device upside down and places on bench to dry
5.3. After anesthetizing larvae according to the text protocol, use a few microliters of Tricaine/E3 to pre-wet the channels of the device [1-CU].
5.3.1. Cup or plate of anesthetized larvae sitting next to device then talent wets channels of device with Tricaine/E3
5.4. Using a wide orifice pipette tip, pick up a single larva and deposit it into the loading channel [1-ECU].   Then with a pipette tip or similar tool, orient the larva in the loading chamber with the dorsal side facing the straighter edge of the loading chamber and the tail facing the restraining tunnel [2-SCOPE].
5.4.1. Talent picks up single larvae and deposits in loading channel
5.4.2. Talent orients larva in loading chamber with dorsal side facing straighter edge of loading chamber and tail facing restraining tunnel
5.5. Carefully withdraw fluid from the wounding chamber, allowing the larva to flow into the restraining tunnel.  Remove most of the liquid while maintaining moisture around the larva [1-SCOPE].
5.5.1. Talent carefully withdraws fluid from wounding chamber and allows larva to flow into restraining tunnel as they also remove most of moisture around the larva 
5.6. Jayne Squirrell, Step  5.5:  The larvae must be properly oriented into the restraining tunnel as most of the liquid is removed, but sufficient fluid must remain around the larvae.  Orientation can be adjusted after agar addition, but must be accomplished before the agar solidifies [1-INTERVIEW].
5.6.1. Talent recites the above statement looking off camera
5.7. Pipette 1% LMP agarose in Tricaine/E3 over the larva's head, filling the loading chamber, and allow agarose to solidify with the larva in the proper position [1-SCOPE-TXT]. Add Tricaine/E3 to the wounding chamber as needed to maintain hydration [2-SCOPE]. Then repeat this loading process for the remaining 2 channels [2-ECU]. 
5.7.1. Talent pipettes agarose with Tricaine over larva’s head filling loading chamber and larva is in proper position for allowing agarose to dry (TEXT: ~38 oC)
5.7.2. Talent adds Tricaine to wounding chamber to maintain hydration
5.7.3. Talent begins to add a larva to a second channel
5.8. Using a syringe needle, carefully remove any agarose that seeped through the restraining tunnel into the wounding chamber [1-SCOPE]. For wounding, short term imaging, or wound treatment isolation, add more tricaine/E3 either just over the agarose [2-ECU-TXT]. [3-CU/ECU].
5.8.1. Talent carefully removes agarose that has seeped through restraining tunnel into wounding chamber (Editor: Use Figure 3F from 56430_Huemer_Figure 3 loading.psd, which is the “Before/After” comparison, as an inlay if it helps support the visual. Author Comment: Figure 3 F shows this agarose removal using artificially dyed agarose (which you would never use for a real experiment) in order to show the seeped agarose.  So perhaps this figure could be used to supplement the filmed segment.)
5.8.2. Talent adds more Tricaine/E3 just over agarose (TEXT: For preparation for long-term imaging, see text protocol.)
5.8.3. Talent fills dish with Tricaine/E3 and covers dish with lid (Author Comment: This is an alternative step depending on what type of experiment the researcher is interested in.  EITHER the tricaine/E3 is added just over the agar and then proceed to the wounding steps OR the research can fill the dish with tricaine/E3 (skipping the wounding) and go straight to imaging. For visualization of covering with a lid, see 6.1.2)
6. Wounding and Imaging Larvae and End of Experiment
6.1. To wound the larvae in the wounding chamber, use a sterile scalpel blade to transect the tail fin posterior to the notochord [1-SCOPE].  Add additional tricaine/E3 if needed and replace the culture dish lid [2-CU]. 
6.1.1. Talent wounds larva tail fin posterior to notochord
6.1.2. Talent adds Tricaine/E3 and covers with lid
6.2. Install the zWEDGI device with anesthetized larvae onto an inverted microscope in a stage insert that will accommodate the 60 mm glass bottom dish [1-MED/CU]. Locate the tail of the larva in the upper-most channel, rotating the dish as needed to get the tail in the desired position [2-SCOPE]. Image the larva as required for the specific experiment [3-LM]. 
6.2.1. Talent installs zWEDGI device onto inverted microscope in a stage insert
6.2.2. Talent locates tail by rotating the dish
6.2.3. LAB MEDIA https://www.jove.com/files/ftp_upload/56340/56340fig4large.jpg, Editor, use panels A – E here
6.3. At the conclusion of the experiment, remove the zWEDGI dish from the microscope [1-CU].  After removal of the larvae and agar according to the text protocol, use ethanol and distilled water to clean the zWEDGI as demonstrated earlier and set it upside down to air dry.  Store the covered device in a cool, dry location [2-MED/CU].
6.3.1. Talent removes zWEDGI from microscope
6.3.2. Talent cleans zWEDGI and turns upside down to dry

7. Results: Post Wound Live Imaging and 3D Reconstruction of Zebrafish Larvae Tail Fin 
7.1. Shown here are images using multiphoton microscopy for second harmonic, or SHG imaging of collagen fibers in the caudal fin to illustrate the imaging capabilities of the zWEDGI.  Prior to wounding, the SHG detected collagen fibers that radiate outward from the notochord to the fin tip [1-LM]. 
7.1.1. LAB MEDIA Source https://www.jove.com/files/ftp_upload/56340/56340fig4large.jpg, Figure 4A – E, Editor, bring these panels in one at a time beginning with panel A.  For the last sentence, use colored arrows to fan out towards the right side of the panel, originating around the bright blob on the left side of the panel. 
7.2. Shortly after wounding the distance between tip of the contracted fin and the center of the fin increases with wound relaxation [1-LM]. The zWEDGI permits the collection of 3 dimensional data over time, providing a more complete view of the dynamic changes occurring in the structure of the extracellular matrix [2-LM].
7.2.1. LAB MEDIA Source:  https://www.jove.com/files/ftp_upload/56340/56340fig4large.jpg, Figure 4A-E, Editor, for ‘the distance between…increases with wound relaxation,’ add in the horizontal lines and double arrows in panels B – E to show that the length of the arrows increases over time.  Alternatively, add in panels B – E one at a time with the post-wound and ‘time’ text for each panel.
7.2.2. LAB MEDIA Source:   https://www.jove.com/files/ftp_upload/56340/56340fig4large.jpg, Figure 4F-T, Editor, add in columns of panels, from left to right, beginning with F, K, and P.  Then add in G, L, and Q.  Then add in H, M, and R, etc.  

7.3. The 3D nature of the data collection permits spatial reconstruction, using rendering software. These reconstructions, and the subsequent rotation options [1-LM], illustrate that the contraction and relaxation of the fin occurs not only in the x y plane of the image collection but also in the z axis as the tail flattens from the upward curl of the contracted state [2-LM].
7.3.1. LAB MEDIA Source:  https://www.jove.com/files/ftp_upload/56340/Suppl_movie_1_SHG_tilt.mov, Editor, loop this and 7.3.2 if necessary for each piece of narration.
7.3.2. LAB MEDIA Source:  https://www.jove.com/files/ftp_upload/56340/Suppl_movie_2_SHG_side.mov



8. Conclusion (said by authors on camera)

8.1. Kayla: Once the reusable molds have been printed, the fabrication technique can be done in 3 to 4 hours.
8.2. Kayla: While attempting this procedure, it’s important to remember to ensure no bubbles are trapped in the PDMS before curing and to cure the devices long enough before trying to remove them from the molds.
8.3. Kayla: Following this procedure, other methods such as localized drug application, antibody labeling, or RNA and protein purification can be performed in order to answer additional questions like the how presence of drugs or inhibitors impact wound healing.
8.4. Jayne: After its development, this technique paved the way for researchers in the field of wound healing to explore collagen dynamics, immune cell response and tissue regrowth in zebrafish larvae.
8.5. Kayla: After watching this video, you should have a good understanding of how to fabricate a zWEDGI and use it for wounding and live imaging of zebrafish larva.
8.6. Kayla: Don't forget that photopolymer 3D printing resins can be hazardous and precautions such as wearing gloves and using a facemask while handling uncured 3D printed part are necessary and should always be taken while performing this procedure.   


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 are included in the email accompanying the finalized script.
 2017, Journal of Visualized Experiments
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