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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar? No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? No
Authors: Please create screen capture videos for shots labelled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21776743

3. Filming location: Will the filming need to take place in multiple locations?   Yes, 0.2 miles (4 minutes walking distance)

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. No

Current Protocol Length
Number of Steps: 12
Number of Shots:  34

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context
Note: The statements have been edited for length and clarity

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Claudia Gualtieri: Our research focuses on assessing functional synaptic connectivity between defined neuronal partners in live, undissected Drosophila larvae.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Claudia Gualtieri: Conventional methods require dissection or physical stimulation; this protocol uses optogenetics in intact larvae, reducing artifacts.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Fernando Vonhoff: This protocol confirms synaptic partnerships by tracking presynaptic activation followed by immediate postsynaptic responses in live, developing animals.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the most important consideration or challenge when performing this protocol.
1.4. Fernando Vonhoff: The most challenging step is proper larval immobilization, which requires sufficient pressure to restrict movement without harming the larvae.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Fernando Vonhoff: Future studies could enable tracking the formation, strengthening, or elimination of synaptic connections between specific neuronal populations during larval development.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Preparation and Immobilization of Drosophila Larvae
Demonstrator: Claudia Gualtieri 

2.1. To begin, cross virgin females carrying the CaMPARI (kam-paa-ree) and CsChrimson (C-S-Krim-zuhn) genes with males carrying the GAL4 (gal-four) and LexA (Lex-ay) driver genes, in plastic vials containing standard cornmeal agar medium supplemented with 0.5 millimolar all-trans retinal, or ATR (A-T-R) for CsChrimson activation [1]. Prepare parallel vials without ATR as controls [2].	Comment by Claudia Gualtieri: Correct order should be: 2.2.1. --> 2.2.2 --> 2.1.1. --> 2.1.2. --> 2.2.3.
2.1.1. WIDE: WIDE: Talent setting up genetic crosses in plastic vials containing standard cornmeal agar medium supplemented with all-trans retinal.  Videographer: Please obtain CU shot as well for this shot.
2.1.2. Talent preparing parallel plastic vials without all-trans retinal.
2.2. Melt the cornmeal agar medium in a microwave for 8 to 10 seconds without boiling and allow it to cool at room temperature without solidifying [1]. Cover the vials completely with aluminum foil to prevent light exposure [2]. Incubate the vials at 25 degrees Celsius until the larvae reach the third instar stage [3].	Comment by Claudia Gualtieri: ATR is added to ATR-supplemented medium before letting it cool	Comment by Claudia Gualtieri: This is last
2.2.1. Talent melting the cornmeal agar medium and setting it aside.
Added step of adding ATR to melted cornmeal agar medium (This was videoed by videographer).
2.2.2. Talent wrapping the vials completely with aluminum foil.
2.2.3. Talent placing the foil-covered vials in the incubator.
2.3. Use a paintbrush to collect a third instar larva [1]. Rinse the larva in a three-well microspot plate containing 0.1 molar phosphate-buffered saline, or PBS (P-B-S), to remove any adhering food [2].
2.3.1. Talent collecting a third instar larva with a paintbrush.
2.3.2. Talent washing the larva in a three-well micro spot plate containing phosphate-buffered saline.
2.4. Place a small amount of modeling clay at each corner of a clean 18 by 18-millimeter coverslip [1]. Place the larva in a drop of PBS on the coverslip [2] and allow it to orient ventral side down [3].
2.4.1. Talent placing modeling clay at each corner of the coverslip.
2.4.2. Talent placing the larva in a drop of phosphate-buffered saline on the coverslip.
Shot of the larva oriented ventral side down on the coverslip. 
2.5. Place a clean microscope slide over the coverslip containing the larva [1]. Secure the coverslip by applying modeling clay to the corners, using just enough pressure to immobilize the larva without crushing it or breaking the glass [2].
2.5.1. Talent placing a clean microscope slide over the coverslip containing the larva.
2.5.2. Talent applying additional modeling clay to the coverslip corners.

3. Light Stimulation of Neurons, Photoconversion, and Imaging 
Authors: Please create screen capture videos for shots labelled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21776743
3.1. Place the slide containing the larva on a clean confocal microscope stage [1]. To acquire a baseline Z (Zee)-stack of postsynaptic neurons expressing CaMPARI [2], image simultaneously in the green channel at 488 nanometers and 0.8 percent laser power [3] and the red channel at approximately 561 nanometers and 0.8 percent laser power [4].
3.1.1. Talent placing the slide on the confocal microscope stage. 
3.1.2. SCREEN: Show Z-stack acquisition steps on the microscope software interface.
3.1.3. SCREEN: Show the setting of 488 nm green laser channel along with 0.8% laser power.
3.1.4. SCREEN: Show the setting of 561 nm red laser channel along with 0.8% laser power.
3.2. Use a Z-step of 1 micrometer [1], 256 by 256 pixel resolution [2], line averaging of 2 [3], bidirectional scanning, scan speed of 9 [4], and pixel time of 0.52 microseconds on a confocal microscope equipped with 40×/1.2 (Forty-X-one-point-two) objective lens [5]. 
3.2.1. SCREEN: Show the confocal microscope settings with a 1 micrometer Z-step,
3.2.2. SCREEN: Show the resolution being set to 256 by 256 pixels,
3.2.3. SCREEN: Show the line averaging value of 2 being set
3.2.4. SCREEN: Show the bidirectional scanning parameters and scan speed being set to 9 
3.2.5. SCREEN: Show the pixel time being set to 0.52 microseconds.  This step is not necessary as pixel time is determined automatically by setting speed (previous step speed set at 9)
3.3. Maintain identical Z-stack parameters throughout the experiment [1] and perform all imaging in a dark environment [2].
3.3.1. SCREEN: Show the z-stack parameters remaining unchanged for the experiment. This step is unnecessary as z-step is only set once (in step 3.1.2.) and there is no way of showing that it remains the same. It just remains the same remaining untouched.
3.3.2. Talent performing imaging in a dark environment.
3.4. Use photoconversion light at 405 nanometers and 0.5 percent laser power [1] and optogenetic stimulation light at 594 nanometers and 0.8 percent laser power simultaneously for 30 seconds [2] to stimulate the larva [3]. 
3.4.1. SCREEN: Show photoconversion light value set to 405 nanometers and 0.5 percent laser power.
3.4.2. SCREEN: Show optogenetic stimulation light set to 594 nanometers and 0.8 percent laser power during the 30 second stimulation.
3.4.3. SCREEN: Show the larval stimulation after getting exposed to the lasers. 
3.5. To acquire a post-stimulation Z-stack, use the same parameters as previously demonstrated for the baseline Z-stack under both red and green channels [1]. Expect ventral nerve cord cell bodies at similar positions as in the baseline [2]. Detect red CaMPARI fluorescence in neurons activated during stimulation in ATR-fed larvae, with minimal photoconversion in controls [3]. 
3.5.1. SCREEN: Show acquisition of the post-stimulation Z-stack under both red and green channels using the same parameters as the baseline Z-stack.
3.5.2. SCREEN: Show ventral nerve cord cell bodies at positions like the baseline. This is already visible in step 3.5.1
3.5.3. SCREEN: Show red CaMPARI fluorescence in activated neurons from ATR-fed larvae and minimal photoconversion in no-ATR controls.
3.6. Open the Z-stack images in Fiji ImageJ software to select the optimally focused plane [1]. Split the red and green channels [2] and apply a 50-pixel rolling ball background subtraction [3]. 
3.6.1. SCREEN: Show the Z-stack images being opened in ImageJ software.
3.6.2. SCREEN: Show the selection of Split channels for green and red channels.
3.6.3. SCREEN: Show the setting for 50-pixel background subtraction.
3.7. Next, use the green channel to outline regions of interest around individual cells [1]. Measure the integrated density across both channels for pre- and post-stimulation images [2]. Calculate the final delta red divided by green fluorescence ratio to quantify postsynaptic calcium activity [3].
3.7.1. SCREEN: Show the ROI selection around individual cells in the green channel.
3.7.2. SCREEN: Show the measurement of integrated density across both channels for pre- and post-stimulation images.
3.7.3. SCREEN: Show the final Δ(R/G) calculation to quantify postsynaptic calcium activity.
Authors: Please create screen capture videos for shots labelled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21776743
3.7.4. 

Results
4. Results 

4.1. The functional connectivity studies between class four dendritic arborization, or cIVda (C-I-V-D-A) neurons and Basin-4 (Basin-four) interneurons in third instar larvae showed that the Basin-4 interneurons displayed green fluorescence due to cytosolic calcium-modulated photoactivatable ratiometric integrator, or CaMPARI expression before photoconversion and optogenic light stimulation [1]. No red fluorescence was detected under baseline conditions, confirming the absence of photoconversion prior to stimulation [2].
4.1.1. LAB MEDIA: Figure 2A. Video editor: Highlight the green cell bodies marked by white arrows.
4.1.2. LAB MEDIA: Figure 2B. Video editor: Highlight the dashed circle outlines where no red signal is visible.
4.2. Simultaneous photoconversion light exposure and optogenetic stimulation resulted in  CaMPARI photoconversion from green to red fluorescence red [1]. The absence of red fluorescence in control indicates that the photoconversion was specifically driven by CsChrimson-mediated neuronal activity [2]. Delta red divided by green fluorescence was significantly higher in experimental animals than in no ATR controls [3].
4.2.1. LAB MEDIA: Figure 2C. Video editor: Highlight the red signal marked by white arrows.
4.2.2. LAB MEDIA: Figure 2D. Video editor: Highlight the green signal marked by white arrows.
4.2.3. LAB MEDIA: Figure 2E. Video editor: Highlight the two groups labeled “Control (no ATR)” and “Experimental,” and their corresponding Y-axis values.
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