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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Yes_____  

Can you record movies/images using your own microscope camera? (Y/N)____No_____  

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: _______________Leica M165-FC ______________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Yes____ 

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.) ___2.1, 2.3, 2.4, 2.6________________________________________

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.) ____3.4_______________________

E.  Will the filming need to take place in multiple locations? (Y/N) ___No___ If yes, how far apart are the locations? ___________________________________________________

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 ex-vivo brain Calcium imaging is to observe neural response to endocrine signals such as peptide hormone. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Hiroko Sano: This method can help answer key questions in the endocrinology field as well as the neuroscience field, such as the research to reveal brain responses to endocrine signals [1-MED]. 
1.1.1. Named author states the above, looking slightly off camera, interview style

1.2. Hiroshi Ishimoto: The main advantage of this technique is that you can examine direct effects of endocrine signals on the brain separated from other tissues [1-MED].  
1.2.1. Named author states the above, looking slightly off camera, interview style 

Protocol: (read by voice talent at JoVE)
2. Preparation of Larval Brain Explants
2.1. To begin this procedure [1-MED], use the forceps to scratch the bottom center of a plastic culture dish to create a dent for easier mounting of the ventral ganglion of the larval brain after dissection [2-SCOPE]. With a toothpick, place a small drop of superglue on either side of the dent and attach a tungsten rod to the glue [3-SCOPE-TXT]. Then, using a small piece of putty-like reusable adhesive, make a circular wall surrounding the dent [4-SCOPE-TXT].
2.1.1. Talent holding forceps and looking through the eyepieces of the microscope

2.1.2. Show that the bottom center of a plastic culture dish is being scratched to create a dent
2.1.3. Show that a small drop of superglue is placed at the side of a dent and a tungsten rod is attached to the glue. Text: 0.125 mm diameter, 6-7 mm length
2.1.4. Show that a small piece of putty-like reusable adhesive is used to make a circular wall surrounding the dent. Text: approximately 10 mm in diameter and 3 mm high Videographer note: This is an EX-CU shot, not a scope shot. 
2.2. To dissect the larval brain, 90-120 hours after egg laying, collect larvae and wash them at least 3 times with distilled water to remove adherent food debris [1-MED-over the shoulder]. Next, place a larva on a square 1.5-inch watch glass filled with ice cold PBS [2-CU]. 

2.2.1. Talent washing the larvae with distilled water to remove adherent food debris Videographer note: The last take of this shot is mis-slated as 2.2.2.
2.2.2. CU the watch glass with cold PBS as a larva is placed on it Videographer note: This is slated at 2.2.2.a to avoid confusion. 
2.3. Use a pair of forceps to gently grab the middle part of the larva [1-SCOPE]. Use another pair of forceps to grab and pull the mouth hooks gently to separate the anterior part of the larva containing the brain from the rest of the body [2-SCOPE]. 

2.3.1. Show that the middle part of the larva is grabbed by forceps
2.3.2. Show that the larva’s anterior part containing the brain is separated from the rest of the body
2.4. Then, hold the anterior tip by forceps and turn the larva inside out [1-SCOPE]. Remove the extraneous tissues attached to the brain, such as imaginal disks, fat bodies, and ring gland [2-SCOPE]. Gently separate the brain from the mouthparts [3-SCOPE]. 

2.4.1. Show that the larva is turned inside out
2.4.2. Show that the extraneous tissues attached to the brain are removed
2.4.3. Show that the brain is separated from the mouthparts
2.5. Afterwards, apply 200 µL of PBS to the inside of the adhesive ring prepared earlier in the imaging chamber [1-MED]. Gently suck the dissected brain with PBS into a Pasteur pipette, and transfer it to the imaging chamber [2-CU]. 

2.5.1. Talent applies 200 µL of PBS to the inside of the adhesive ring in the imaging chamber
2.5.2. CU the dissected brain as it is sucked into the pipette and transferred to the imaging chamber
2.6. In the imaging chamber, grab the muscle fibers extending from the ventral ganglia, and insert the brain gently into the dent underneath the tungsten wire [1-SCOPE]. Then, pull the tungsten wire slightly up to place the brain at the correct position for imaging [2-SCOPE].
2.6.1. Show that the muscle fibers extending from the ventral ganglia are grabbed and the brain is inserted gently into the dent underneath the tungsten wire
2.6.2. Show that the tungsten wire is pulled slightly up to place the brain at the correct position for imaging
3. Acquisition of Ca2+ Fluorescence Images 

3.1. To acquire calcium florescence images, place the imaging chamber containing the brain explant under the microscope [1-MED]. Lower the objective lens until it touches the PBS [2-CU]. Under bright-field illumination, position the brain and bring it into focus [3-SCOPE]. 
3.1.1. *Film as written
3.1.2. CU the objective lens as it touches the PBS

3.1.3. Show that the brain is positioned and brought into focus
3.2. Switch to fluorescent light and adjust the focus on the GCaMP6s-labeled cells [1-SCOPE].(Voiceover, “GCaMP6s” is pronounced as “G-camp-six-es”) Start the acquisition at 250 ms/frame at a resolution of 512 × 512 pixels in water-cooled mode [2-SCREEN-TXT]. 
3.2.1. Show that the focus is adjusted on the GCaMP6s-labeled cells. Videographer note: This was shot from the monitor with a video camera. 
3.2.2. To be submitted by authors. Show the acquisition at 250 ms/frame at a resolution of 512 × 512 pixels in water-cooled mode. Text: Acquisition at 250 ms/frame, resolution of 512 × 512 pixels

3.3. Then, adjust the exposure time to obtain the fluorescence values within the CCD camera dynamic range, but not lower than 1000 arbitrary units, with 16-bit images [1-SCREEN]. Once the imaging parameters are determined, take the images for 1 minute before peptide administration to detect baseline signal intensities [2-SCREEN].

3.3.1. Show that the exposure time is adjusted to obtain the appropriate fluorescence values. 
3.3.2. To be submitted by authors. Show that the images are being taken to detect baseline signal intensities
3.4. Subsequently, apply the test peptide directly by pipetting 100 µL of the prepared peptide solution into the larval bath [1-MED-over the shoulder]. Record the GCaMP6s emission for a few minutes [2-SCREEN].
3.4.1. *Film as written
3.4.2. Show that the GCaMP6s emission is being recorded

4. Data Analysis 

4.1. To analyze the data, open the analysis software [1-MED-over the shoulder] and use the first frame which was before peptide application as a reference image [2-SCREEN]. Then, select Plugins | Registration | TurboReg [3-SCREEN].

4.1.1. Talent opens the analysis software on the monitor

4.1.2. To be submitted by authors. Show that the first frame is opened 
4.1.3. To be submitted by authors. Show that Plugins | Registration | TurboReg are selected
4.2. Choose the serial image file as the Source and the reference image as the Target [1-SCREEN]. Next, check Rigid Body and Accurate for the processing method and quality, respectively [2-SCREEN]. Subsequently, click Batch to start image processing [3-SCREEN].

4.2.1. To be submitted by authors. Show that the serial image file is chosen as the Source and the reference image is chosen as the Target
4.2.2. To be submitted by authors. Show that Rigid Body and Accurate are checked for the processing method and quality, respectively
4.2.3. To be submitted by authors. Show that Batch is clicked to start image processing
4.3. Select multiple regions of interest by using Analyze | Tools | ROI Manager in ImageJ [1-SCREEN-TXT]. Then, measure the pixel intensity by clicking More | Multi Measure | OK in the ROI Manager window [2-SCREEN].
4.3.1. To be submitted by authors. Show that multiple regions of interest are selected using Analyze | Tools | ROI Manager. 
4.3.2. To be submitted by authors. Show that the pixel intensity is measured by clicking More | Multi Measure | OK in the ROI Manager window
5. Results: Calcium imaging of the larval brain explant 
5.1. In this experiment, wild-type brain was exposed to CCHa2, Ghrelin, and Nociceptin, whereas CCHa2-R mutant brain was exposed to CCHa2. GCaMP6s signals in insulin-producing cells were detected by confocal microscopy at 250 ms/frame and here are the still images of selected time points. [1-LM]. 
5.1.1. LAB MEDIA_57701_Sano_Figure 2A.ai: The figure emerges from the first row to the forth row slowly  

5.2. The ratio of the change of ROI intensity to baseline signal intensity at each time point was plotted. ROIs were set on cell bodies that were detected in a same focal plane [1-LM]. The solid lines indicate the mean of 5 to 10 samples, and the dotted lines mark upper and lower limits of the standard error of the mean. The shaded areas indicate the variation of the signals in the experiments [2-LM].

5.2.1. LAB MEDIA_57701_Sano_Figure 2B.ai: Show the graph

5.2.2. LAB MEDIA_57701_Sano_Figure 2B.ai: emphasize solid lines, then dotted lines, and then the shaded areas. Text: ROI: Region of interest
6. Conclusion (said by authors on camera)

6.1. Hiroshi Ishimoto: Once mastered, this technique can be done in one hour if it is performed properly.

6.2. Hiroshi Ishimoto: While attempting this procedure, it’s important to remember to prepare the brain sample quickly to avoid damage on it.

6.3. Hiroko Sano: This procedure can be combined with genetics in order to answer additional questions like ligand-receptor specificity.

6.4. Hiroko Sano: The system used in this protocol is easy to prepare and reusable. Thus, this protocol will be useful for ligand screening. 
6.5. Hiroko Sano: After its development, this technique paved the way for researchers in the field of endocrinology and neuroscience to explore hormonal network that controls brain function in Drosophila.

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.

5.1.1 Sano_Figure 2A.ai  - multi color still images of the calcium imaging
5.2.1 Sano_Figure 2B.ai  - multi color summary graph of the calcium imaging
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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