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Questionnaire:

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_Y_    Dissection microscope with fluorescence Leica MZ Fl III  (equipped with a C-adaptor) 
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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
2.3, 2.4, 3.3, 3.4, 3.5, 
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.) the gluing and dissection of the fly are critical. The gluing (2.4) must be accomplished quickly because of its quick dry time yet it also must be thorough to avoid leakage of Ringers solution.
E.  Will the filming need to take place in multiple locations? (Y/N) ___N___ 
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 bioluminescent imaging is to image in vivo functional calcium transients, a proxy for activity, for longer periods and in deep brain structures. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Martin: This method can help answer key questions in the field of neurobiology, such as what the basal activity of the fly brain looks like during sleep.  (take 4)
1.2. Martin: The main advantage of this technique is that it does not require light excitation using a laser. This allows one to image calcium transients deeper into the tissue and for longer periods of time without the photobleaching and toxicity engendered by classical fluorescent calcium imaging.  (end of take 3)
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. LARK: Though this method can provide insight into basal brain activity in drosophila, it can also be applied to other model organisms such as the mouse. 
Protocol (read by voice talent at JoVE):  
2. Positioning and Gluing of Drosophila

2.1. To begin, prepare the Drosophila melanogaster line of interest and the experimental solutions as described in the accompanying text protocol. [2.1.1 - MED] Then, ice anesthetize a single drosophila by transferring it to a glass vial on ice for two minutes.  [2.1.2 - CU]
2.1.1. Talent works to propagate flies / add food to plates.

2.1.2. *Film as written

2.2. Next, move the fly to a chilled petri dish [2.2.1 - MED] and use a pair of forceps to gently place the fly inside a 1000 microliter pipette tip trimmed so the tip is at an angle of approximately 35°. [2.2.2 - SCOPE - TXT]
2.2.1. Talent places chilled dish under dissecting scope. (take 2)
2.2.2. *Film as written (TEXT: ~35° Angle) (take 3)
2.3. Using a brush, gently push and align each fly such that the head is completely past the edge of the tip and the dorsal region is partially exposed. [2.3.1 - SCOPE] Then, apply prepared dental glue from the head to the pipet tip edge.  Take extra care to avoid the crown of the head. [2.3.2 - SCOPE - TXT]
2.3.1. *Film as written (called 2.2.2 take 2)
2.3.2. *Film as written (TEXT: Let the glue dry for 2 min.) (Video Editor: Add the text at the end of the statement) (take 1)
2.4. Author’s Name - Lark:  Gluing of the head is critical because it secures it in the correct position which is essential for successful dissection and imaging. Additionally, poor gluing will lead to leakage of the Ringer’s solution and death of the sample prior to recording.[2.4.1 - INT]
2.4.1. Interview style: Author saying the above  (take 3)
2.5. Next, place the pipette tip, with the attached fly, through the hole in the recording chamber and gently press to secure it into place. [2.5.1 - CU] Then, use a prepared silicon glue to secure the flat side of the chamber where it meets the pipette tip in order to prevent any leaks.[2.5.2 - ECU - TXT] 
2.5.1. Talent, at scope, sets down tools used to glue fly into place.
2.5.2. Talent secures the pipette to the chamber using the glue. (TEXT: Let the glue dry for 2 min.) (Video Editor: Add the text at the end of the statement)

3. Drosophila Dissection
3.1. Affix a piece of tape over the perfusion channel, the short edge, and extending to the back of the chamber.  [3.1.1 - CU] Next, place the chamber with the fly under the microscope and turn on the florescent lamp.[3.1.2 - MED] Then, pipette 1 mL of Ringer’s solution into the chamber.[3.1.3 - CU]
3.1.1. *Film as written 
3.1.2. *Film as written
3.1.3. *Film as written
3.2. Using a fine surgical knife, make parallel incisions from the back of the fly’s head to the antennal region on both sides. Then, cut along the edge of the eye and make a perpendicular incision above the antenna that connects the previous incisions. [3.2.1 - SCOPE] 

3.2.1. *Film as written
3.3. Make a final incision at the back of the head [3.3.1 - SCOPE] and then use a pair of fine sharp forceps [3.3.2 - MED] to remove the cuticle. [3.3.3 - SCOPE] Gently grasp and clear away any exposed respiratory tissue until the brain and the fluorescing mushroom body are clearly visualized. [3.3.4 - SCOPE]
3.3.1. *Film as written (with 3.2.1)
3.3.2. Talent sets down scalpel and picks up forceps.

3.3.3. *Film as written
3.3.4. *Film as written (with 3.3.3)
3.4. Next, use ultra-sharp forceps to carefully grasp and pinch the neuroepithelial tissue covering brain to remove it and allow for permeation of the coelenterazine (pronounce: selenterazine). [3.4.1 - SCOPE]    
3.4.1. *Film as written
3.5. Using a pipette, wash the tissue twice with 1 ml of Ringer’s solution to remove any debris left over from the dissection [3.5.1 - CU] and then place the sample into a dark box. [3.5.2 - MED]
3.5.1. *Film as written
3.5.2. *Film as written
3.6. Next, pipet 1 mL of Ringer’s solution containing 5 μM benzyl-coelenterazine into the chamber. [3.6.1 - CU - TXT] Close the box and incubate the sample at room temperature for a minimum of 2 hours. [3.6.2 - MED]
3.6.1. *Film as written (TEXT: 5 μM benzyl-coelenterazine) (last part)
3.6.2. Talent closes the box and walks away.
4. Imaging Setup and Sample Preparation 
4.1. Begin by turning on the microscope and the computer.  [4.1.1 - MED] Also, cool the camera to -80 °C.  [4.1.2 - CU - TXT] Next, set up the drainage system and adjust the environmental controls to 25 °C. [4.1.3 - MED]
4.1.1. Talent turns on microscope and then the computer.

4.1.2. Talent turns on the camera (TEXT: *Camera must be cooled to -80 °C)
4.1.3. *Film as written
4.1.4. On the computer, open the “Measurement and Automation Explorer” program. Click on “Devices and Interfaces” and then double click on “NI Motion Devices”.  Finally, right click on “PCI-7334” and select “initialize device”. [4.2.1 - SCREEN]
4.1.5. Screen capture video of the above step in the order it was written.
4.2. Next, open the “Photon Imager”, create a new folder, and name the first recording. [4.3.1 - SCREEN] 
4.2.1. Screen capture video of the above step in the order it was written.
4.3. Then, set up the perfusion system by adding the potassium chloride, Nicotine, and Ringer’s solution to their respective reservoirs. [4.4.1 - CU] Adjust the flow so that each solution discharges at 2 mL/minute. [4.4.2 - CU]
4.3.1. *Film as written
4.3.2. *Film as written
4.4. Next, place the sample onto the mount under the microscope [4.5.1 - MED/CU] and adjust the magnification to 5x. [4.5.3 EXTRA - MED/CU] Then, insert the perfusion tube into the channel through the puncture.[4.5.2 - CU]
4.4.1. *Film as written
4.4.2. *Film as written
4.5. Set the microscope to fluorescent mode [4.6.1 - SCREEN] and then center and bring the mushroom bodies into focus. [4.6.1B - MED Over the Shoulder] Once the mushroom bodies are in focus, change the magnification to 20x, re-center the image and adjust the focus. [4.6.2 - SCREEN]
4.5.1. *Film as written
4.5.2. Screen capture video of the camera feed as the talent starts with sample in focus, then adjusts magnification and refocuses on the image. (also CU 4.5.3)
4.6. Next, position the drainage apparatus over the drainage pool and adjust the height of the drainage shunt so that the tip is just above the drainage pool. [4.7.1 - CU] Then, flush the sample with Ringer’s solution for 30 seconds to check for adequate drainage. [4.7.2 - CU]
4.6.1. *Film as written
4.6.2. *Film as written
4.7. Finally, pull down the shield to seal off the apparatus from any outside light. [4.8.1 - MED] Using the automated system in the photon imager program, make fine adjustments to the focus and take a reference fluorescent image of the mushroom bodies. [4.8.2 - SCREEN]  

4.7.1. *Film as written
4.7.2. Screen capture video of the above step in the order it was written.
5. Image Recording
5.1. Adjust the photon speed to the desired recording speed which should be anywhere from 1 image every 50 ms up to one every second or more. Then, select “photon mode” and open the shutter. [5.1.1 - SCREEN]  

5.1.1. Screen capture video of the above step in the order it was written.
5.2. Next, enter the genotype… sex… age… and sample number in the log entries. Adjust the position of the region of interest boxes over the calyx, the cell bodies, and the medial lobes by clicking on the boxes and dragging them into position while holding control. [5.2.1 - SCREEN]
5.2.1. Screen capture video of the above step in the order it was written.
5.3. Now, record baseline values for about 5 to 10 minutes. [5.3.1 - SCREEN] 

5.3.1. Screen capture video of the above step in the order it was written.
5.4. Next, flip on the switch to begin the flow of Nicotine.  [5.4.1 - CU - TXT] At the same time, press enter and add a note to signify the flow of Nicotine has begun.  [5.4.2 - SCREEN] After 1 minute, stop the flow and [5.4.3 - CU] make another note in the log signifying that the flow has been stopped. [5.4.4 - SCREEN]
5.4.1. *Film as written (TEXT: Flow @ 2 ml/min)

5.4.2. Screen capture video as talent presses enter and adds start note.
5.4.3. *Film as written (end of 5.4.1)
5.4.4. Screen capture video as talent presses enter and adds end note.
5.5. Then, wash the sample with Ringer’s solution for 5 minutes.  [5.5.1 - CU - TXT] While the sample recovers, set the timer for an additional minute and prepare to start the flow of potassium chloride.  [5.5.2 - CU]
5.5.1. *Film as written (TEXT: Flow @ 2 ml/min)

5.5.2. *Film as written

5.6. When ready to begin, start the flow of potassium chloride [5.5.1 - CU - TXT] and enter “100 mM potassium chloride start” into the sample log.  [5.5.2 - SCREEN] After 1 minute, stop the flow [5.5.3 - CU] and enter “potassium chloride shut off” into the sample log. [5.5.4 - SCREEN]
5.6.1. *Film as written (TEXT: Flow @ 2 ml/min)

5.6.2. Screen capture video as talent enters the start note into the sample log.

5.6.3. *Film as written (end of 5.6.1)
5.6.4. Screen capture video as talent enters the end note into the sample log.

5.7. Then, wash the sample with Ringer’s solution for 1 minute [5.7.1 - CU] and switch the microscope to fluorescent mode.  Take a final fluorescent image, [5.7.2 - SCREEN] and then turn off the Ringer’s solution and remove the sample. [5.7.3 - MED Over the Shoulder] 
5.7.1. *Film as written 
5.7.2. Screen capture video as talent switches to fluorescent mode and takes the final image.

5.7.3. *Film as written 
6. Extracting Photon Values 

6.1. In the analysis program, open the first file, select the “display” control tab, and click on ROI. Then, hold control and select a region of interest. Next, adjust the size… the orientation… and shape of the ROIs to encompass the GFP illuminated calyx and cell bodies and the medial lobes. [6.1.1 - SCREEN] 
6.1.1. Screen capture video of the above step in the order it was written.
6.2. Add an additional region of interest by clicking “Define ROI” and clicking and dragging on screen to create the new region. [6.2.1 - SCREEN]
6.2.1. Screen capture video of the above step in the order it was written.

6.3. Once all the regions of interest have been added, select the “Movie” tab to play the photon video. Adjust the “sec width” and “sec steps” as desired. Then, readjust the ROI placement as necessary so it remains within the active regions in the video. [6.3.1 - SCREEN]
6.3.1. Screen capture video of the above step in the order it was written.
6.4. Select some representative screen shots of the GFP fluorescence… the nicotine response… and the potassium chloride response. [6.4.1 - SCREEN] Then, crop the screenshots and paste the representative images into a presentation slide for later analysis and comparison. [6.4.2 - SCREEN]
6.4.1. Screen capture video of the above step in the order it was written.
6.4.2. Screen capture video of the above step in the order it was written. (with 6.4.1)
6.5. Adjust both the “sec width” and “sec step” to the recording speed in seconds. Also, select the length of the analysis by moving the grey markers in the top panel to the bracketed region before the stimulus initiation and just after the response end. [6.5.1 - SCREEN]
6.5.1. Screen capture video of the above step in the order it was written.
6.6. Next, select “Suspend views while playing” and then press the “REWIND” button, to reset the video playback to the beginning, followed by the “PLAY” button. [6.6.1 - SCREEN] Then, select the tab “Count Rate Chart” in order to adjust the units and also adjust the color of the regions of interest as well as the line colors as desired. [6.6.2 - SCREEN]
6.6.1. Screen capture video of the above step in the order it was written.
6.7. When the analysis is finished, select “Export Count Rate Data”. Then, select the combined recordings of the calyx and cell bodies as well as those from the medial lobe regions on each side [6.7.1 - SCREEN] and paste those images into a slide with the response images. [6.7.2 - LM]
6.7.1.  Screen capture video of the above step in the order it was written.
6.7.2. 6_8_2_ppt slide of sample images.tif 
7. Results: In vivo Functional Brain Imaging

7.1. One of the simplest ways to stimulate the mushroom bodies is through activation of the ionotropic nicotinic acetylcholine receptors.  The typical response to 25 micromolar nicotine, shown here, commences with the fast activation of both the calyx and cell-bodies and the medial lobes and uses the fused GFP-Aequorin (pronounce: ay-quorin) construct which binds to calcium and emits light.[7.1.1-LM] 
7.1.1. Figure 4a on left side and JoVe-53705-Lark-Kitamoto-Martin.avi on right side.
7.2. Generally the response in the calyx and cell bodies lasts longer and exhibits a greater bioluminescent response than the lobes as shown in the sequential panels of the response.[7.2.1 - LM]
7.2.1. Figure 4a and Figure 3c-h (Video Editor: Move Figure 4a from the previous step to the left half of the screen and emphasize the Calyx/cell-bodies region.  On the right half of the screen, show Figure 3c-h one at a time, in order so that the images show the time progression.  Loop this animation twice. Label the images on the right with “Response to 25 µM Nicotine”)

7.3. A sample recording of the bioluminescent response to nicotinic activation over time is described by this graph where the number of photons in the region of interest containing the calyx and cell bodies is graphed in black and the number of photons within the medial lobe region are shown in red.  [7.3.1 - LM]
7.3.1. Figure 5a (Video Editor: Highlight the appropriate label and line when mentioned.)

7.4. From this graph, the length of the response, the peak photon value during response, and the total area under each curve can all be determined. [7.4.1 - LM]
7.4.1. Figure 5b-d (Video Editor: Highlight Figure 5b with the words “the length of the response”, Figure 5c with the words “peak photon value during response” and Figure 5d with the words “and the total area under each curve”)

8. Conclusion (said by authors on camera) 
8.1. Martin: Once mastered, the preparation phase should take only two hours prior to incubation, depending on the number of flies. In addition each recording can be completed in as little as 20 minutes if it is performed properly.

8.2. Martin: While attempting this procedure, it’s important to remember to properly age and keep fly stocks to ensure reproducibility among samples.

8.3. Martin: Following this procedure, other behavioral tests can be performed in order to answer additional questions like what effects the activity of the structure has on specific behaviors.

8.4. Martin: After its development, this technique has paved the way for researchers in the field of neurobiology to explore long-term neuronal activity in the drosophila brain.

8.5. Lark: After watching this video, you should have a good understanding of how to prepare samples for bioluminescent imaging in the fly brain. (end of take 2)
8.6. Lark: Don't forget that working with nicotine can be hazardous to your health and precautions such as gloves should always be taken while preparing solutions or cleaning up following this procedure.    (end of take 3)
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.
JoVe-53705-Lark-Kitamoto-Martin.avi  
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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