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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope:
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 3.2, 3.3, 4.1, 4.2, 4.3, & 4.4-9. 
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 to be filmed by their protocol numbers. (Please do not list an entire section.) 4.3 & 4.8. 
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y___ If yes, how far apart are the locations? APPROXIMATELY 6 KILOMETERS
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 study the electrical properties of excitable cells in the non-invasive physiological conditions employing zebrafish embryos together with a FRET-based GEVI. (Intro)
Text: FRET: Fluorescence Resonance Energy Transfer, GEVI: Genetically Encoded Voltage Indicator
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Luca DEL GIACCO: This method can help answer key questions concerning the biology of excitable cells, such as neurons. For instance, the method can be used to analyze the role of excitability in the pathogenesis of neurological disorders. 
1.2. Luca DEL GIACCO: This approach employs transparent zebrafish embryos expressing FRET-based genetically encoded voltage indicator. The approach allows the measurement of the cell electrical properties in vivo, in a non-invasive fashion.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Anna GHILARDI: Though this method can provide insight into spinal neuron excitability in zebrafish embryos, it can also be applied to other in vitro or in vivo systems amenable to imaging studies. 

Protocol (read by voice talent at JoVE):

2. pHuC_Mermaid plasmid generation
2.1. To begin this procedure, heat the PCR mixture for 15 seconds at 95 °C, prime it for 15 seconds at 50 °C, and elongate it for 4 minutes at 72 °C for a total of 35 cycles [1-MED-over the shoulder-TXT]. After that, gel-purify the specific blunt PCR product using a commercial gel purification kit [2-MED]. Then, clone the DNA fragment into pCMV-SC blunt vector and linearize the Mermaid-positive plasmid with tSmaI restriction enzyme for the insertion of HuC promoter [3-MED].
2.1.1. Talent places the mixture in PCR and set the settings. Text: Heat: 15 s, 95 °C; Prime: 15 s, 50 °C; Elongate: 4 min, 72 °C (Danae Mauro, DM, recorded takes A-B-C-D-E-F).
2.1.2. Talent cutting gel on the UV transilluminator 
2.1.3. Talent preparing the reaction in an eppendorf tube
2.2. Next, set up the restriction reaction in a total volume of 20 μL [0-?] and incubate the reaction at 25 °C for 1 hour [1a/b-MED-TXT]. Subsequently, gel-purify the digested plasmid using a commercial gel purification kit [2-CU]. Then, PCR-amplify the HuC promoter with Pfu DNA polymerase and zebrafish genomic DNA as template [3-MED].
2.2.0. ADDED: Talent prepares mermaid + SmaI.

2.2.1. a. Talent places the reaction in the incubator. Text: See the accompanying manuscript for reaction’s composition, 25 °C, 1 h
2.2.1.b. ADDED: Close-up for setting details. Editor, please use if possible if it’s not too many shots for the VO.
2.2.2. [CU] the gel as it is cut on the UV transilluminator
2.2.3. Talent preparing the reaction in an eppendorf tube
2.3. Set up the PCR mixture [1-MED-over the shoulder-TXT].  After an initial step of 2 minutes at 95 °C, heat the PCR mixture for 15 seconds at 95 °C, prime it for 15 seconds at 50°C, and elongate it for 4 minutes at 72 °C for a total of 35 cycles [2-CU-TXT].
2.3.1. Talent places the PCR mixture in the PCR machine. Text: See the accompanying manuscript for PCR mixture’s composition
2.3.2. [CU] the PCR machine which shows the setting. Text: Initial step: 2 min, 95 °C; Heat: 15 s, 95 °C; Prime: 15 s, 50°C; Elongate: 4 min, 72 °C

2.4. Then, gel-purify the specific blunt PCR product [1-MED-over the shoulder].  Ligate an equimolar amount of the purified pCMV-SC_Mermaid and pHuC DNA using 1 μL of T4 DNA ligase and 1 μL of the specific 10X buffer in a total volume of 10 μL [2-MED-over the shoulder].  Afterward, incubate the reaction for 16 hours at 4 °C [3-CU-TXT].
2.4.1. Talent cuts the gel on the UV transilluminator 
2.4.2. Talent preparing the reaction in the eppendorf tube 
2.4.3. [CU] the reaction as it is placed at 4 °C. Text: 16 h, 4 °C
2.5. Transform an aliquot of competent cells with 5 μL of the ligation reaction [1-MED]. Select the pHuC-positive clones with the promoter inserted in the proper orientation by a SalI-EcoRV (Voiceover, “SalI-EcoRV” is pronounced as “Sal-one; Eco-R-five”) double digestion [2-CU].

2.5.1. Talent adds the ligation to the competent cells
2.5.2. CU the cells (Petri dish containing colonies. Talent points them). 
2.5.3. Talent transfers cells/clones into 15 ml Falcon tubes.

2.6. After that, set up the restriction reaction and incubate it at 37 °C for 1 hour [1-MED-TXT]. Then, run the reactions onto an agarose gel [2-MED-over the shoulder].
2.6.1. Talent places the restriction reaction in the incubator. Text: 37 °C, 1 h
2.6.2. *Film as written

3. Embryo microinjection and spontaneous tail coiling analysis
3.1. In this procedure, transfer the fertilized eggs obtained from the wild-type or Sod1-G93R adult zebrafish to a 10-mm Petri dish [1-MED-over the shoulder].  Rinse the embryos in cold fish water [2-CU].

3.1.1. Talent transfers the fertilized eggs to a 10-mm Petri dish using a plastic pipette
3.1.2. CU the embryos as they are rinsed in cold fish water
3.2. Then, immediately microinject them into the yolk with 200 pg of pHuC Mermaid plasmid [1-MED-over the shoulder]. Next, transfer the embryos to a Petri dish and incubate them in fish water at 28 °C until they reach the desired developmental stage for the following analyses [2-MED-TXT].
3.2.1. Talent using a microinjector to inject the embryos into the yolk with 200 pg of pHuC Mermaid plasmid
3.2.2. Talent places the Petri dish of embryos in the incubator. Text: 28 °C, 20-24 h post-fertilization
3.3. For spontaneous tail coiling analysis, transfer an embryo to a 90-mm round Petri dish filled with fish water containing 0.2% DMSO [1-MED-over the shoulder], and manually dechorionate it using two jeweler’s forceps with sharp tips or needles [2/2b-MED-over the shoulder]. Afterward, incubate the embryo for 5 minutes [3-CU-TXT].
3.3.1. Talent transfers an embryo to a 90-mm round Petri dish filled with fish water

3.3.2. Talent manually dechorionates the embryo using two jeweler’s forceps with sharp tips
3.3.2.b. Talent will provide a video for dechorionation Editor – please use either 2 or this added LM, 2b – whichever looks best. 
3.3.3. CU the embryo (Please, use clip 3.2.2; you will find a CU of embryos on a Petri dish) as it is being incubated. Text: 5 min
3.4. Using a digital camera mounted on a stereomicroscope, detect the tail coiling at room temperature during a 1-minute video recording [1-MED-over the shoulder].  Next, acquire the time series at a time resolution of 30 frames/s [2-SCREEN].  Then, calculate the frequency of spontaneous tail coilings by counting the number of bends per time unit [3-SCREEN].
3.4.1. *To be submitted by authors. Show the time series at a time resolution of 30 frames/s is acquired. Author note: “PLEASE, USE OUR 3.4.1 MOVIE INSTEAD OF THE 3.4.1 PROVIDED BY DANAE MAURO DUE TO SOME INCONSISTENCY WE NOTED AFTER THE SHOOTING”.
3.4.2. *To be submitted by authors. Talent presses “start” or “record” button on the computer monitor to record tail coiling 
3.4.3. *To be submitted by authors. Show the embryos movements on the PC monitor and the counting of the bends
3.5. To evaluate the effect of the drug riluzole, transfer an embryo to a new 90-mm Petri dish filled with fish water containing 5 µM riluzole [1-MED-over the shoulder]. Then, incubate the embryo for 5 minutes before recording a 1-minute video and performing the behavioral analysis [2-CU-TXT].
3.5.1. Talent using a plastic Pasteur pipette to transfer an embryo to a new 90-mm Petri dish filled with fish water containing 5 µM riluzole
3.5.2. CU the embryo as it is being incubated. Text: 5 min. PLEASE RE-USE 3.2.2
4. Imaging setup for Mermaid biosensor visualization in living embryos: simultaneous detection of donor and acceptor signals 

4.1. Now, mount the 20-24 hpf embryos in 1% low-melting-point agarose in fish water inside a 35-mm glass-bottomed imaging dish at 37 °C [1-MED-over the shoulder-TXT]. Orient the embryos on their sides and wait until the agarose solidifies at room temperature [2-LM].
4.1.1. *Film as written. Text: hpf: hours postfertilization
4.1.2. CU the embryos as they are oriented on their sides. MOVIE will be PROVIDED BY TALENT.
4.2. Next, transfer the imaging dish to the stage of a single-photon confocal mounted on an inverted microscope [1-MED]. Identify the motor neurons expressing the biosensor by exciting mUKG with 488-nm argon laser [2-SCREEN].  Then, set its emission between 495 and 525 nm and press record [3-SCREEN]. 
4.2.1. Talent places the imaging dish on the stage of a single-photon confocal microscope
4.2.2. *To be submitted by authors. VIDEO SHOWING THE SETTING OF THE CONFOCAL MICROSCOPE AND THE CLICKING OF THE LIVE ACQUISITION BUTTON. 
4.2.3. *To be submitted by authors. STILL TIFF IMAGE SHOWING THE MOTOR NEURON (BOTH IN BRIGHT FIELD AND FLUORESCENCE) EXPRESSING THE BIOSENSOR BY EXCITING mUKG WITH 488-NM LASER. 
4.3. For a FRET measurement, excite mUKG, the donor of the FRET pair, with the 488-nm laser [1-SCREEN]. Simultaneously, using two photomultipliers, detect the fluorescence emitted by the donor and the fluorescence emitted by the mKOk acceptor [2-SCREEN-TXT]. 
4.3.1. *To be submitted by authors. Show that 488-nm laser is selected or entered to excite mUKG AND PHOTOMULTIPLIER 1 IS SET. (TEXT: Donor: between 495 and 525 nm)
4.3.2. *To be submitted by authors. Show PHOTOMULTIPLIER 2 IS SET; mKOk acceptor: between 550 and 650 nm

4.4. At the beginning of the experiment, optimize the gain and offset of photomultiplier 1 where the mUKG fluorescence is recorded, and keep them constant throughout the session [1-SCREEN]. To set the offset, change the color of the image to the intensity values by using the QLUT look-up table [2-SCREEN].  While scanning with the laser off, use the offset slider [3-MED-over the shoulder] so that the background pixels have an intensity slightly higher than zero [4-SCREEN]. 
4.4.1. *To be submitted by authors. Show that the COLOR OF THE IMAGE IS CHANGED TO THE INTESITY VALUE 
4.4.2. *To be submitted by authors. Show THE SETTING OF THE PHOTOMULTIPLIER OFFSET. 
4.4.3. Talent turns the offset knob on the control panel
4.4.4. *To be submitted by authors. Show that the background pixels have an intensity slightly higher than zero (AT TIME 00:04 TEXT: LASER OFF WHILE SCANNING)
4.5. Using the same look-up table, switch the laser on. While scanning, use the gain slider to maximize the signal-to-noise ratio, being careful to avoid saturated pixels [1/2-SCREEN-LM]. [3-SCREEN].
4.5.1. *Film as written – MOVIE PROVIDED BY TALENT
4.5.2. *To be submitted by authors. Show that the signal-to-noise ratio is maximized
4.5.3. *To be submitted by authors. Show that a 16-bit image is acquired
4.6. In the software acquisition window, select the xyt acquisition mode, and an image field size of 512 × 64 pixels from the drop-down menu [4.6.1 MOVIE]. Then, set the recording of the changes in embryo spinal neuron voltage to acquire a single xy plane every 30 ms for 1 minute [4.6.2 MOVIE]. 
4.6.1. *To be submitted by authors. Show the described procedure
4.6.2. *To be submitted by authors. Show the described procedure
4.6.3. *To be submitted by authors. Show the changes in embryo spinal neuron voltage {4.6.3 (Movie 4)} – not sure what this is. The authors edited the movie numbers/shots and indicated in the brackets above which ones to use. So I don’t know if this exists…?
4.7. To evaluate the effect of riluzole administration on membrane depolarization in the same neuron, acquire a new dataset 5 minutes after the addition of fish water containing 5 µM riluzole [1-LM].
4.7.1. TALENT PROVIDES MOVIE. Talent presses “start” to acquire a new dataset on the computer monitor
5. Results: In vivo FRET analysis to measure changes in motor neuron membrane potential 
5.1. In this movie, spontaneous coilings, motor responses that consist exclusively of a full body contraction bringing the tip of the tail to the head, were recorded at the stage of 20-24 hpf in regular fish medium [1-LM]. 

5.1.1. Movie 1.mp4: Show the movie
5.2. This movie shows the spontaneous coilings of an embryo following the incubation in 5 µM riluzole [1-LM]
5.2.1. Movie 2.mp4: Show the movie
5.3. To test whether alterations in the electrical activity of the spinal motor neurons were at the basis of the riluzole-induced changes in the spontaneous coiling frequency [1-LM], the membrane potential in embryo spinal motor neurons were studied in a completely non-invasive fashion, by measuring the fluorescence intensity ratio of the donor/acceptor FRET pair of the Mermaid biosensor [2-LM]. 
5.3.1. Figure 2A.tif: Show the left panel (embryo)

5.3.2. Figure 2A.tif: In the left panel (embryo), add the black open rectangle and the two tilted black lines to indicate an enlarge view, then add the entire right panel (a, b, c, d)

5.4. Primary spinal motor neurons expressing the biosensor were identified and their basal spontaneous depolarization activities were recorded [1-LM].

5.4.1. Figure 2B.tif: Show the figure

5.5. Together with the reduction in the frequency of tail coiling movements [1-LM], riluzole administration reduced the frequency of spontaneous depolarization events [2-LM].
5.5.1. Figure 2C.tif: Show the left panel (no Riluzole)
5.5.2. Figure 2C.tif: Add the right panel (Riluzole)
6. Conclusion (said by authors on camera)

6.1. Luca DEL GIACCO: Once mastered, this approach will allow researchers to study the electrical properties of the neuronal networks of intact embryos, which fully preserves the complexity of the interaction among cells in a developing functional system.
6.2. Luca DEL GIACCO: After watching this video, you should have a good understanding of how the electrical activity of spinal neurons correlates with the frequency of the spontaneous tail coilings.

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.
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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.

( 2013, Journal of Visualized Experiments


