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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Yes 
Can you record movies/images using your own microscope camera? Yes, with a canon E05 760D camera mounted on the stereomicroscope. Ocular of the microscope is from Heerbrugg p10x/21. Adapter for the camera comes from Martin Microscope Company, Martin Custom Phototube for Wild M400 with 1.38x Widefield T-Mount Adapter for Canon EOS DSLR. However the focus of the microscope is not properly synchronized with the camera. 
The camera is not connected to a computer. If needed, another professional camera brought by the videographer can be fixed on the stereomicroscope. 
2. Does your protocol include software usage? NO
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 
 2.1, 3.3, 4.1, 4.3, 5.1, 5.2, 5.3. 5.4
4. 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.)
5.2, 5.3
5. Will the filming need to take place in multiple locations? NO


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Anna Jazwinska: In cardiac research on zebrafish, drug treatment is generally done in a systemic way. With intrathoracic injections, one can locally deliver solution to the heart without causing myocardial damage [1].

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

1.2. Thomas Bise: This method allows the delivery of small volumes of drugs, proteins or other molecules in solution precisely around the heart of adult zebrafish [1].

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


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

1.3. Animal care and all animal procedures described in the following protocol were approved by the cantonal veterinary office of Fribourg, Switzerland.



Section - Protocol
2. Tools and Solutions for Injections
2.1. To begin this procedure, use a needle puller to pull microinjection-adapted borosilicate glass capillaries [1-TXT] [2]. Store the pulled capillaries in a 9 centimeter Petri dish with rails of modeling clay or adhesive tape [2].
2.1.1. MED: Talent approaches the needle puller and uses it to pull microinjection-adapted borosilicate glass capillaries. TEXT: See Figure 1A for details on pulling capillaries.
2.1.2. LAB MEDIA: Figure 1. Video Editor: Show only Figure 1A alongside shot 2.1.1.
2.1.3. CU: Close up as the talent places the pulled capillaries in the Petri dish.
2.2. Using common scissors, cut a piece of sponge [1-TXT] and carve a fish-like silhouette in its middle [2].
2.2.1. MED: Talent uses scissors to cut a piece of sponge. TEXT: Sponge piece: 7 cm x 3 cm x 1 cm.
2.2.2. CU: Close up as the talent carves the fish-like silhouette into the sponge.
2.3. Next, prepare small aliquots of the injection solutions with the tested proteins or other compounds [1]. Adjust their concentration dependently on the assay by diluting the substance in 1x Hanks balanced salt solution complemented with 10 percent phenol red [2].
2.3.1. MED: Talent begins creating aliquots of the injection solutions.
2.3.2. MED: Talent dilutes the concentration of the injection solutions with HBSS.
2.4. To obtain the working concentration of anesthetics, add 2 - 3 milliliters of tricaine stock solution to a beaker containing 100 milliliters of fish water [1-TXT].
2.4.1. MED: Talent adds the tricaine stock solution to a beaker containing fish water. TEXT: See text for details on preparing tricaine solution.

3. Preparation of the Injection Station
3.1. First, turn on the stereomicroscope with the light from the top, and adjust the magnification to 16x [1]. Soak the sponge with fish water [2] and place it on a 9 centimeter Petri dish on the microscope [3].
3.1.1. MED: Talent turns on the stereomicroscope and adjusts the magnification.
3.1.2. CU: Talent soaks the sponge with fish water.
3.1.3. MED: Talent place the soaked sponge on a Petri dish under the microscope.
3.2. Adjust the focus [1] and, under the stereomicroscope, use iridectomy scissors to cut the end of a microcapillary approximately 7 milliliters from the basis as detailed in Figure 1A of the text protocol [2-TXT] [3].
3.2.1. MED Talent adjusts the microscope’s focus.
3.2.2. SCOPE: Scope shot showing the microcapillary being cut. TEXT: Ideal tip diameter: ~20 µm. Videographer: Please capture this scope shot however looks best. The authors have an adaptor for their microscope and a camera. However, the focus of the microscope is not properly synchronized with the camera, so this make take some work to accomplish.
3.2.3. LAB MEDIA: Figure 1. Video Editor: Show only Figure 1A. This only needs to be shown in the scope shot from 3.2.2 cannot be provided or is not clear.
3.3. Insert the cut microcapillary into the needle holder of the microinjector apparatus [1]. Using the microloader tips, load a control solution to set up the pressure of injection in order to obtain the appropriate flow [2-TXT]. Then, empty the needle [3].
3.3.1. CU: Close up of the cut microcapillary being inserted into the needle holder of the microinjector apparatus.
3.3.2. MED: Talent loads a control solution into the microloader tips to set up the pressure of injection. TEXT: Appropriate flow range: 0.3 – 0.5 µL/s.
3.3.3. CU: Close up of the needle being emptied.
3.4. After this, load the selected volume of the injection solution into the tip of the capillary, making sure that there are no air bubbles [1-TXT].
3.4.1. CU: Close up of the injection solution being loaded into the tip of the capillary. TEXT: See text for maximal volume of injection solution.

4. Preparation of the Fish for Intrathoracic Injection
4.1. Use a net to catch an adult fish [1], and transfer it into the anesthetic solution [2].
4.1.1. CU: Close up of an adult fish being caught with a net.
4.1.2. MED: Talent transfers the caught fish into the anesthetic solution.
4.2. After 1 – 2 minutes, when the fish stops swimming and the movement of operculum is reduced [1], touch the fish with a plastic spoon to make sure it does not react to any contact [2].
4.2.1. CU: Close up of the anesthetized fish.
4.2.2. CU: Close up as the fish is touched with a plastic spoon.
4.3. Next, quickly and carefully transfer the fish into the groove of the wet sponge with the ventral side up [1]. The head of the fish should point away from the operator’s dominant hand [2].
4.3.1. MED: Talent transfers the fish into the wet sponge. 
4.3.2. CU: Close up of the fish, which should be oriented properly.
5. Microinjection into the Pericardium
5.1. Under the stereomicroscope, carefully observe the movement of the beating heart under the skin of the fish [1]. Visually determine the injection point above the beating heart and in the middle of the triangle defined by the ventral cartilaginous plates [2].
5.1.1. SCOPE: Scope shot of the fish, showing the beating heart.
5.1.2. SCOPE: Scope shot of the fish, showing the injection point. (Alternatively, use LAB MEDIA: Figure 1. Video Editor: Show only Figure 1D.) Videographer: Please capture this scope shot however looks best. The authors have an adaptor for their microscope and a camera. However, the focus of the microscope is not properly synchronized with the camera, so this make take some work to accomplish.
5.2. Insert the tip of the capillary at an angle between 30 and 45 degrees relative to the body axis [1] [2]. Gently penetrate the skin with the tip of the microcapillary into the pericardium [3-TXT] [4]. 
5.2.1. SCOPE: Scope shot of the fish, showing the capillary being inserted. (Author Comment: In order to avoid animal suffering, the filming of points 5.2.1, 5.2.3 could not be separated from the point 5.3.1 and 5.3.2. Feel free to cut) (Editor: The way the author comment is written, I’m not sure exactly which shots are combined. It could be that all of them – 5.2.1, 5.2.3, 5.3.1, and 5.3.2 – were combined. It would also be that they were combined in pairs – 5.2.1 with 5.2.3, and 5.3.1 with 5.3.2. Please review the footage to see how they might’ve been combined)
5.2.2. LAB MEDIA: Figure 1. Video Editor: Show only Figure 1E.
5.2.3. SCOPE: Scope shot of the fish, showing the skin being penetrated with the capillary 
5.2.4. LAB MEDIA: Figure 1. Video Editor: Show only Figure 1C. TEXT: Optimal entry point is closer to abdomen than head; Do not insert capillary too deeply.
5.3. Once the needle is inside the pericardium, press the pedal of the microinjector device to complete the injection [1-TXT]. After injection, gently withdraw the capillary from the thorax [2] and immediately transfer the fish into a tank with system water for recovery [3].
5.3.1. MED: Talent presses the pedal of the microinjector device to complete the injection. TEXT: Do not inject air into thoracic cavity. (See note on 5.2.1)
5.3.2. MED: Talent gently withdraws the capillary from the thorax.
5.3.3. MED: Talent transfers the fish into a tank with system water.
5.4. Monitor the fish until total recovery from anesthesia [1]. To analyze the effects of injection, collect the heart at the desired time point and prepare it for further analysis [2].
5.4.1. CU: Close up of the fish as it recovers.
5.4.2. MED: Talent collects a zebrafish heart from the anesthetized fish and places the beating heart on the fish belly under a stereomicroscope. Then, the heart will be transferred into a tube with a fixative. 
5.4.3. [Added Shot]: SCOPE: thoracotomy and heart collection to see the beating heart. (added to properly see a beating heart which was not visible in MED). (Editor: This can be used alongside 5.4.2 – either as an inlay or a split-screen – or in place of it. Whichever looks best and feels most informative)




Section – Results
6. Results: Validation and Analysis of the Intrathoracic Injection Method
6.1. In this study, exogenous compounds and proteins are delivered into the pericardial cavity in order to study their effects on the heart in adult zebrafish [1]. To validate this method, two test experiments are performed by injecting color and fluorescent dyes into euthanized fish [2].
6.1.1. LAB MEDIA: Figure 2.
6.1.2. LAB MEDIA: Figure 2.
6.2. In both assays, whole-mount analysis reveals labeling of the entire heart, including the ventricle, the atrium, and the bulbus arteriosus [1]. These results reveal efficient spreading of the injections solution on the heart surface [2].
6.2.1. LAB MEDIA: Figure 2.
6.2.2. LAB MEDIA: Figure 2.
6.3. To compare the suitability of intrathoracic injection versus intraperitoneal injection for heart studies, a similar amount of DAPI is injected using both methods [1]. The hearts are then fixed after either 5 minutes or 120 minutes [2].
6.3.1. LAB MEDIA: Figure 3. Video Editor: Show only Figure 3B.
6.4. No DAPI-positive cells are observed in the hearts after intraperitoneal at either time point [1]. In contract, the intrathoracic injections result in the presence of DAPI-labeled nuclei in the myocardium [2]. These results demonstrate that the intrathoracic injection improves the delivery of the compound to the heart as compared to the intraperitoneal injection [3].
6.4.1. LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3B. Emphasize the four images in the upper-left (those labeled “DAPI/Phalloidin AD 568” under the headers “5 min post IP injection” and “120 min post IP injection”).
6.4.2. LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3B. Emphasize the four images in the upper-right (those labeled “DAPI/Phalloidin AD 568” under the headers “5 min post IT injection” and “120 min post IT injection”).
6.4.3. LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3B. Remove all emphasis and hold on this image for the remaining voiceover narration.
6.5. To test the suitability of this method for heart regeneration studies, ventricles are cryoinjured and then injections are performed at 3 and 7 days post-cryoinjury [1]. Both the myocardium and the injured tissue contain numerous DAPI positive cells, indicating an efficient penetration of this dye into the intact heart and fibrotic tissue [2].
6.5.1. LAB MEDIA: Figure 4. Video Editor: Show only Figure 4B. 
6.5.2. LAB MEDIA: Figure 4. Video Editor: Still show only Figure 4B. Emphasize any of the light green in each image (not including the black/white images).
6.6. Furthermore, injected phalloidin AF649 is also incorporated by cardiomyocytes of the peri-injury zone and some recruited fibroblasts of the wounded area [1]. This experiment reveals that the drugs can cross the epicardium and penetrate into the underlying myocardium [2].
6.6.1. LAB MEDIA: Figure 4. Video Editor: Still show only Figure 4B. Emphasize the two black/white images (those with the header “Inj. Phalloidin AF649).
6.7. After testing the efficiently of intrathoracic injections using dyes, the effects of proteins injected on the heart are analyzed. For this, the effects of the exogenous cytokinine on various processes is investigated [1-TXT].
6.7.1. LAB MEDIA: Figure 5. Video Editor: Show only Figure 5B-E. TEXT. Bise et al., NPJ Regenerative Medicine (2019).
6.8. The biological aspects of cardiomyocyte proliferation, extracellular matrix deposition, immune cell recruitment, and cardioprotective gene expression are activated by intrathoracic injection of cytokinine [1]. These results demonstrate that intrathoracic injection provides a suitable strategy for targeted delivery of proteins to study their effects on distinct heart tissues in a variety of assays [2].
6.8.1. LAB MEDIA: Video Editor: Still show only Figure 5B-E. Emphasize the six images under the header “7 dpi CNTF”.
6.8.2. LAB MEDIA: Video Editor: Still show only Figure 5B-E. Remove all emphasis and hold on this figure for the remaining voiceover narration.



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Thomas Bise: The insertion of the needle into the pericardium is the key step for a successful injection [1]. The shape of the needle, the angle of penetration, and the puncture site are all factors that influence the needle insertion [2].
7.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
7.1.2. Use the scope shots from 5.2.
7.2. Anna Jazwinska: Following or preceding IT injection, one can perform cryoinjury in order to analyze the effect of delivered molecules on heart regeneration [1].
7.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
7.3. Thomas Bise: IT injection was used in zebrafish to study cardiac preconditioning. A protein, called CNTF, was injected and has been shown to enhance cytoprotective and proregenerative programs in the heart [1].
7.3.1. [bookmark: _GoBack]INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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