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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: ______________Nikon SMZ745_AND__Ziess Discovery 12___________________________

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.) _____2.13, 2.14, 3.2, 3.3______________________________________

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.) ____________3.2-3.3_______________

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? __________________Adjacent buildings_________________________________

1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this procedure is to create a transgenic zebrafish line that allows the observance of cellular electrical changes during embryogenesis, larval movement, and in tumorigenesis. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Martin Silic: This method can help answer key questions in the developmental biology, physiology, and cancer cell biology fields, such as what are the fundamental roles of cellular electrical signaling during embryogenesis and in tumor cells. 

1.2. Martin Silic: The main advantage of this technique is that it allows us to track cellular electrical signaling in vivo and in real time.   

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

1.9. Procedures involving animal subjects have been approved by the Purdue University Animal Care and Use Committee (PACUC). 

Protocol: (read by voice talent at JoVE)
2. Microinjection


2.1. After preparingTol2 transposase mRNA and injection solution according to the text protocol [1-WIDE], the afternoon before injection, set up 4 - 6 breeding tanks with at least 2 males and 2 females. To reduce the amount of fish waste and to induce a breeding response, avoid feeding the fish in the afternoon [2-MED/CU].
2.1.1. Talent places mRNA and injection solutions in box then places in -80 (C freezer
2.1.2. Talent sets up 4 - 6 breeding tanks in fish room with at least 2 females and 2 males each  
2.2. The following morning, remove the prepared injection solution from the -80 °C freezer, and place it on ice [1-MED/CU-TXT].

2.2.1. Talent opens freezer box, removes injection solution and places on ice (TEXT: pDestTol2-ubi-ASAP1 construct and Tol2 mRNA)
2.3. Pull the dividers in the fish breeding tanks and allow the fish to mate. In general, fish lay eggs within 20 - 30 minutes [1-CU-TXT].
2.3.1. Talent pulls dividers in breeding tanks (TEXT: Wait 1 - 2 hours longer if necessary)
2.4. While waiting, using a micropipette puller with the following parameters [1-MED-TXT], pull needles from capillary glass [2-CU].

2.4.1. Talent sets parameters on micropipette puller (TEXT: Heat 545; pull 60; velocity 80; time 250; pressure 500)  
2.4.2. Talent inserts a capillary and pulls needles 

2.5. Under a dissection scope [1-MED], use a laboratory wipe to break the end of the needle and create a beveled edge.  A smaller diameter is preferred for decreasing embryo mortality [2-SCOPE].

2.5.1. Talent sitting at scope places needle on stage

2.5.2. Talent breaks needle with forceps on a laboratory wipe
2.6. Once the fish have laid eggs, collect them in a 10-cm diameter Petri dish [1-CU].  Immediately under the dissection scope, remove all abnormal embryos and fish waste [2-SCOPE].  Then pipette the fertilized embryos into a prepared 3% agarose injection mold. Remove excess water to help keep the embryos in place [3-ECU].
2.6.1. Talent collects embryos into Petri dish
2.6.2. Talent removes abnormal embryos and waste from dish
2.6.3. Talent pipettes fertilized embryos into injection mold and removes excess water
2.7. Once all of the rows are filled with viable embryos, arrange them so that the single cells are all oriented at a 45° angle horizontally, with respect to the needle. This will make injection much easier later [1-SCOPE].
2.7.1. Talent orients embryos with cells facing same direction towards the needle
2.8. Next, while wearing gloves, use a 20 µL loading pipet tip to remove 5 µL of the prepared construct from the tube on ice [1-CU].
2.8.1. Talent wearing gloves removes prepared construct from tube on ice 
2.9. Carefully insert the pipette tip into the back end of the broken capillary tube to where it begins to taper, to get the reagent as close to the tip as possible, and expel it into the capillary [1-ECU]. If there are still air bubbles, shake the needle, making sure to not break the tip [2-ECU].
2.9.1. Talent inserts loading tip into back end of capillary to the taper and expels solution

2.9.2. Talent shakes needle to remove air bubbles

2.10. Insert the needle straight into the microinjection needle holder and carefully tighten until the needle stays in place. Then adjust the angle to about 45° [1-CU].
2.10.1. Talent inserts and tightens needle in place then adjusts angle to 45 degrees 
2.11. Once the needle is prepared and attached, turn on the microscope and gas pressure tank [1-WIDE/MED]. Adjust the injection volume by using approximately 0.5 psi for holding and 30 psi for ejection [2-CU]. Check that the solution ejects from the needle when pressing the pedal [3-SCOPE]. 
2.11.1. Talent turns on microscope and gas pressure tank
2.11.2. Talent adjusts injection volume with 0.5 psi for holding and 30 psi for ejection
2.11.3. Talent presses pedal and solution ejects onto slide or into dish
2.12. Using a stage micrometer with a drop of mineral oil [1-CU], adjust the volume and flow of the solution to approximately 10 µm in diameter. Ensure that the back pressure allows a small amount of solution to drip out of the needle. If there is not enough back pressure, capillary action will cause liquid to enter the needle and destroy the mRNA [2-SCOPE].
2.12.1. Talent places micrometer on stage and adds drop of mineral oil
2.12.2. Talent ejects onto micrometer until and gets a 10 micron drop and then a small amount of liquid is seen dripping out of needle
2.13. Once the needle is calibrated, insert the needle into the single cell of the fertilized embryos by using the edge of the gel notch to provide a backing that keeps the embryo in place and allows the needle to apply pressure without moving the embryo [1-SCOPE].
2.13.1. Talent inserts needle into single cell with embryos backed up against gel notch
2.14. Once the tip of the needle is in the single cell [1-SCOPE], press the pedal to release the desired amount of solution [2-CU][3-SCOPE]. It is important to inject the solution into the cell, not the yolk, for generating transgenic zebrafish.  Repeat this process for all of the embryos [4-SCOPE-TXT].
2.14.1. Tip of needle seen in cell
2.14.2. Talent presses pedal
2.14.3. Solution seen injected into cell, Editor, place this side by side with 2.14.2 to show the pressing of the pedal and the injection simultaneously
2.14.4. Talent injects single cells of additional embryos (TEXT Refer to text protocol for additional details)
2.15. When completed, use a disposable 3.4 mL transfer pipette and fish system water to transfer the injected embryos into a labeled dish by rinsing them out of the agarose notch [1-CU]. Store the embryos in a 28.5 °C incubator to let them develop [2-WIDE]. Check back throughout the day to remove dead fish embryos and replace water with 0.1% methylene blue in fish water [3-CU].
2.15.1. Talent transfers embryos into labeled dish
2.15.2. Talent places embryos into incubator
2.15.3. Talent at scope removes dead embryos and adds methylene blue fish water
2.16. Around 6 - 8 hours after injection, use 10 injected fish embryos and the Hotshot method to prepare genomic DNA [1-CU-TXT].
2.16.1. Talent at bench begins to prepare genomic DNA from 10 embryos (TEXT: Meeker, N. D., et al. Biotechniques. 43 (5), 610, 612, 614, doi:000112619 [pii] (2007))
2.17. The following morning, use a dissection microscope with a fluorescence light source to sort out the embryos [1-MED] showing GFP in the non-yolk tissues. These embryos should contain the injected construct [2-SCOPE].
2.17.1. Talent sitting at fluorescence microscope looks through oculars at embryos to sort them out
2.17.2. Fluorescent embryos in field of view with embryos showing fluorescence in non-yolk tissue.  Author note: Alternatively, use Figure 2B here.
2.18. Perform a Tol2 excise assay to check the transposon activity as described previously.  If excised plasmid can be detected [1-LM-TXT], keep the injected fish embryos and raise them. Otherwise, repeat the Tol2 mRNA synthesis and microinjection process until achieving positive results from the Tol2 excise assay [2-MED/CU]. 
2.18.1. LAB MEDIA Figure 2E (TEXT: Kawakami, K., et al., Gene. 225 (1-2), 17-22 (1998)).
2.18.2. Talent places embryos with detected plasmid into labeled fish tank or dish for raising

3. Imaging

3.1. To image zebrafish embryos, cross multiple F2 generation founder fish with wildtype fish in individual pairs [1-MED]. Collect fish embryos at different desired developmental stages according to the zebrafish staging guide [2-MED/CU].
3.1.1. Talent removes dividers from tanks to cross founders with wt fish (have tanks labeled) 
3.1.2. Talent collects embryos into a petri dish (TEXT: Kimmel, C. B., et al. Developmental Dynamics 203 (3), 253-310, doi:10.1002/aja.1002030302 (1995)).
3.2. For the early stage fish embryos in fish system water [1-MED], under a dissection scope, use a pair of forceps to carefully peel and remove chorions [2-SCOPE]. 
3.2.1. Talent sitting at scope places Petri dish of fish on microscope stage
3.2.2. Talent use forceps to remove chorions
3.3. Use a disposable transfer pipette to transfer a few embryos onto a concaved glass slide with 3% methylcellulose [1-ECU]. Then using a needle underneath a dissection scope [2-MED], adjust the embryos to the desired positions to view the cellular GFP activity [3-SCOPE].
3.3.1. Talent transfers embryos to concaved glass with methylcellulose
3.3.2. Talent sitting at dissection scope turns on fluorescence and looks through eyepieces
3.3.3. Talent adjusts embryos to desired position so that GFP activity is visible
3.4. For embryos at the ‘less than 12 somite stage,’ use an epi-fluorescence compound microscope with a compatible camera and software for imaging [1-MED OVER SHOULDER]. For embryos past the 12 somite stage, use a fluorescence dissection microscope [2-MED OVER SHOULDER].
3.4.1. Talent at epifluorescence compound microscope imaging an embryo at a stage less than 12 somites - screen is visible with the embryo in focus 
3.4.2. Talent at dissection microscope imaging older embryo - embryos is shown on screen in focus
3.5. To image tumor cell voltage, first identify fish with malignant peripheral nerve sheath tumors, or MPNST [1-SCOPE-TXT].  Place the fish into a 10-cm diameter Petri dish [2-CU] and carry out whole mount imaging [3-SCOPE]. Finally, following imaging, dissect out the tumor before viewing the tumor cell electrical activity [4-CU].
3.5.1. Fish with a visible tumor; Author note: Alternatively, use Figure 5C  (TEXT: Anesthetize fish with 0.05% tricaine mesylate)
3.5.2. Talent places fish with tumor into a petri dish
3.5.3. Talent takes fluorescent image of fish with tumor; Author note: Alternatively, use Figure 5D
3.5.4. Talent dissects tumor from fish
4. Results: Visualization of Embryonic Development, Movement, and Tumor Cells in vivo
4.1. In a successful injection, more than 50% of injected embryos will display some degree of GFP in the somatic cells, and most of them will show a positive result from the Tol2 transposon excise assay [1-LM].
4.1.1. LAB MEDIA Figure 2, Editor, for the first half of the sentence, use arrows to point out some of the bright green spots in the trunk of the fish in B and D. For the second half of the sentence, add in panel E and use an arrow from the right to point to the row of bands around 200.
4.2. Here, membrane potential changes were examined throughout the cell cycle during zebrafish early embryonic development. As seen in this time lapse video, the cells hyperpolarized before formation of the cleavage furrow [1-LM].
4.2.1. LAB MEDIA Supplementary_video_1.wmv
4.3. Moreover, different tissues showed a variety of membrane potentials in 1 - 3 day old fish embryos. For example, the somites and notochord were generally hyperpolarized, compared to the adjacent tissues/organs [1-LM].
4.3.1. LAB MEDIA Figures 3D - 3G, Editor, show panels D and E first and then replace with panels F and G halfway through the second sentence.  For the somites, add in the ‘So’ with the connecting lines in panel D and the ‘Nt’ for notochord in panels D and E.  Have the labels already visible for panels F and G when they are brought in.
4.4. In this 2-day old fish embryo, neuro-muscular electrical activities are shown during movement, with color density changes corresponding to the electric signaling transduction [1-LM].
4.4.1. LAB MEDIA Figure 4, Supplementary_video_2, Editor, you may need to loop this once or twice.
4.5. Bioelectrical properties of cancer cells were examined in embryos from crosses of ASAP1 reporter fish with an rpl35 mutant, which is prone to spontaneous MPNST.  Compared to surrounding tissues, tumor cells were more polarized [1-LM].
4.5.1. LAB MEDIA Figure 5, Editor, add in panels A and C first and add in the black arrows for ‘which is prone to spontaneous malignant peripheral nerve sheath tumors.’  For the last sentence, add in panels B and D with the white arrows.
5. Conclusion (said by authors on camera)

5.1. Martin Silic: Once mastered, this microinjection technique can be done in about 3 hours if it is performed properly.

5.2. Martin Silic: While attempting this procedure, it’s important to remember that the zebrafish embryos should be in the 1-cell stage for ideal results.

5.3. Martin Silic: After its development, this technique paved the way for researchers in the field of developmental biology and cell biology to explore in vivo signaling changes in zebrafish and other model organisms.

5.4. Martin Silic: After watching this video, you should have a good understanding of how to create a transgenic zebrafish line by microinjection.

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.

Figure 5 without arrows as requested. It is in tif format.

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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