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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Yes, Nikon Ti eclipse
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_Yes 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.) __1.3, 1.5, 1.6, 3.1, 3.2, 3.4_________________________________________
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.) ___1.3, 3.4________________________
E.  Will the filming need to take place in multiple locations? (Y/N) _No
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 measure the physiological responses of Drosophila gustatory neurons to lipid pheromones. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Shruti: This method can help answer key questions in sensory neurobiology, such as identifying ligands for orphan gustatory receptors.  
1.2. Shruti: The main advantage of this technique is that the responses of individual gustatory neurons can be studied in an intact, living animal.   

Protocol (read by voice talent at JoVE):
2. Preparing the Fly for Imaging
2.1. After anesthetizing the fly, [2.1.1-WID] attach it to a 0.17-millimeter coverslip using a very small drop of clear nail polish. [2.1.2-CU]  Attach the side of the fly to the slide using the entire drop. [2.1.3-ECU]

2.1.1. Establishing shot

2.1.2. Attaching slip to nail polish

2.1.3. Attaching fly

2.2. Next, under a dissecting microscope, [2.2.1-MED] use a wet paintbrush to extend a foreleg of the fly.  Then, using two very thin strips of tape, secure the first and fifth tarsal segments to the coverslip. [2.2.2-SCOPE]

2.2.1. Focusing on set up through scope objective

2.2.2. Film as written

2.3. If neurons on the proboscis are to be imaged, then place another thin strip of tape over the rostrum of the proboscis to expose the labellum. [SCOPE]
2.3.1. Film as written
2.4. Now, make a short wall around the fly [2.4.1-SCOPE] using a PAP pen.  [2.4.2-ECU]
2.4.1. Film as written
2.4.2. Show pen in use
2.5. Let the anesthesia wear off for half an hour before taking measurements. [MED]
2.5.1. Setting fly prep aside to recover from anesthesia (and starting the next fly prep if these are made in succession)
3. Stimulation of Gustatory Neurons

3.1. For this protocol, prepare the necessary dilutions [3.1.1-WID] of the 1 milligram per milliliter stock ligand solution, using PBS-T. [3.1.2-MED]

3.1.1. Establish talent at bench, weighing out ligand 

3.1.2. Mixing ligand into aliquot of solution and labeling tube

3.2. To begin the procedure, overlay 10 microliters of PBS-T [3.2.1-MED] onto the secured and exposed tarsal segments.  This moistens the leg and prevents it from drifting out of focus. [3.2.2-SCOPE]

3.2.1. Preparing pipette with PBST, establish that the scope is in use or in close proximity

3.2.2. Film as written, if not SCOPE, use an ECU

3.3. Next, focus on the segments using an optical system which can achieve a good fluorescence signal with rapid time resolution, [3.3.1-LM/SCOPE] such as a spinning disc confocal microscope with an sCMOS camera. [3.3.2-MED/WID]

3.3.1. SCOPE shot or authors provide a screen capture: microscope view as tarsal segments of interest are panned to, focused on and zoomed into

3.3.2. Establish talent working with the confocal, viewing focusing while viewing monitor or viewing through objectives, wide enough of an angle to show whole microscope set up

3.4. Collect three pre-stimulation Z-stacks of the neurons of interest in the tarsal segment.  In this example images are captured with 100 millisecond exposures and 2-by-2 binning over a 6 micron by half-micron section, every two seconds. [LM]

3.4.1. To be provided by authors: screen capture of controlling microscope to collect Z-stacks as described

3.5. Be sure to optimize the laser's power to minimize photobleaching [3.5.1-ECU] while still allowing a high signal-to-noise ratio. Here, a 491 millimeter, 100 milliWatt laser is operated at 30% power.  The signal must be detectable prior to stimulation but not approach saturation.  [3.5.2-LM]

3.5.1. Detail of laser in use at the microscope stage

3.5.2. To be provided by authors: screen capture of setting the laser power to optimize the image, showing change in image quality with adjustment of laser power
3.6. Now, pipette 10 microliters of stimulation solution [3.6.1-MED] onto the tarsal segment of interest.  While pipetting, be very careful to avoid touching the leg or any of the fly's body [3.6.2-ECU] or the tarsi will move out of position. [3.6.3-MED]

3.6.1. Loading pipette

3.6.2. Carefully applying solution to preparation on microscope stage

3.6.3. Ejecting used pipette tip and checking the image on the computer

3.7. Then, immediately acquire the first post-stimulation images and continue to collect enough images to document the maximum change in fluorescence. [LM]

3.7.1. To be provided by authors: screen capture collecting images
4. Analyzing the Data

4.1. For analysis, open a series of confocal Z-stacks [4.1.1-WID] using Fiji or Image J 24 image analysis and processing software. [4.1.2-MED]

4.1.1. Establish talent at computer

4.1.2. Opening the images, combined view of talent and screen

4.2. Make a sum-intensity projection of all the Z slices for each of the time points.  Here there are 6 slices and 120 time points. First, select the “Stack” option under “Image” and, then, select the “Z projection” option.  Enter “1” for the start slice and “120” for the stop slice.  For the projection type, select “sum slices” from the pull down menu. [LM]

4.2.1. To be provided by authors – screen capture of the above steps
4.3. Now define a region of interest, or ROI, such as a cell body or neuronal projection.  Use the freehand selection tool to draw around the structure's boundaries.  [LM]

4.3.1. To be provided by authors – screen capture of the above steps
4.4. Then, click on the “Analyze” label and select the “ROI manager” option under “Tools”. [LM]

4.4.1. To be provided by authors – screen capture of the above steps
4.5. Quantify the fluorescence of the ROI by first selecting the “Set measurements” option, under the “Analyze” menu.  Check the boxes for integrated density, area, mean and maximum gray value and label. [LM]

4.5.1. To be provided by authors – screen capture of the above steps
4.6. Next, select the “More” option under the ROI manager menu, and choose the “Multi measure” option. [LM]

4.6.1. To be provided by authors – screen capture of the above steps
4.7. Now, calculate the maximum relative change in fluorescence for time point t. [4.7.1-LM] [4.7.2-LM]

4.7.1. To be provided by authors – screen capture of the above step

4.7.2. To be provided by authors – image of the equation in use to overlay over screen capture, highlight the “t”
4.8. To quantify the post-stimulation fluorescence, measure the integrated density of the ROI.  [4.8.1-LM] [4.8.2-LM]

4.8.1. To be provided by authors – screen capture of the above step

4.8.2. To be provided by authors – image of the equation in use to overlay over screen capture, highlight the “post-stim” aspect of the equation
4.9. For t = 0, measure the pre-stimulation fluorescence from the pre-stimulus images of the ROI in the same manner.  Average the values from three images for this t = 0 value. [4.9.1-LM] [4.9.2-LM]

4.9.1. To be provided by authors – screen capture of the above steps

4.9.2. To be provided by authors – image of the equation in use to overlay over screen capture, highlight the “t=0” aspect of the equation
4.10. To quantify background fluorescence, measure the integrated density from a tissue area devoid of detectable neurons that has the same size and shape as the ROI.   Collect a unique background value for each time point.  [4.10.1-LM] [4.10.2-LM]
4.10.1. To be provided by authors – screen capture of the above steps

4.10.2. To be provided by authors – image of the equation in use to overlay over screen capture, highlight the “background fluorescence” aspect of the equation
5. Results: Pheromone-induced Neural Responses in GCaMP-expressing Neurons
5.1. The GCaMP calcium indicator was expressed using two different GAL4 expression patterns.  [5.1.1-LM] Each pattern labels a distinct population of foreleg neurons and non-neural support cells. [5.1.2-LM] 
5.1.1. 53392_Shankar_Fig3A
5.1.2. 53392_Shankar_Fig3C
5.2. For both expression patterns, ligand-specific responses to the lipophilic pheromone CH503 were observed. [LM]

5.2.1. 53392_Shankar_Fig3D

5.3. The relative change in fluorescence intensity of the GCaMP signal increased with higher concentrations of CH503.  Curiously, a five nanogram dose of CH503 may suppress the neural response.  [LM]

5.3.1. 53392_Shankar_Fig3E

5.4. The measured responses of the Gr68a and ppk23 neurons differed.  The neuronal response of neurons labelled with the Gr68a-GAL4 driver exhibited a tonic pattern. [LM]

5.4.1. 53392_Shankar_Movie1-GR68a-tonicresponse.avi

5.5. Whereas Ppk23 neurons showed a phasic, oscillatory response in the leg. [LM]

5.5.1. 53392_Shankar_Movie3-ppk23.avi

5.6. In the proboscis, ppk23 neurons showed a late-onset tonic response from the cell body and an oscillatory response from an axonal projection.
5.6.1. 53392_Shankar_Movie2-ppk23 prob.avi

6. Conclusion (said by authors on camera)
6.1. Shruti: After watching this video, you should have a good understanding of how to measure responses of single gustatory neurons in live flies to lipid pheromones and other hydrophobic ligands.
6.2. Shruti: This technique paves the way for researchers in the field of chemosensory biology to measure the physiological responses of gustatory neurons in Drosophila melanogaster.
6.3. Shruti: Using this procedure, neuronal activity can be silenced or activated using temperature sensitive Shibire or TrpA1 transgenes by coupling the spinning disc microscope with a temperature-controlled onstage incubator. 
6.4. Shruti: Once mastered, this technique can be done in 5 minutes, excluding the time needed for the fly to recover from anesthesia.
6.5. Shruti: While attempting this procedure, it’s important to carefully fix flies firmly without damaging the foreleg. While imaging, it is important to acquire images as soon as the foreleg is stimulated with pheromone solution.
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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.
 2015, Journal of Visualized Experiments


