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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?
  Yes  
If Yes, can you record movies/images using your own microscope camera?
No  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Nikon SMZ1000
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
From 3.6.1 to 3.10.2
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://www.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   No
If Yes, how far apart are the locations? Click to enter distance between locations.

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  53
Number of Shots:  21

Interviews 
1. Video 1: Author Spotlight: Title (Filled by scriptwriter during script finalization)

Videographer: Obtain headshots for all authors. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer at least 3 of the questions below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 50 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

What is the scope of your research? What questions are you trying to answer? 
1.1. Jimena Sierralta: 
The brain is a tissue with a high energy consumption that mostly uses glucose as fuel. On the other hand, experimental data suggests that other metabolites, like ketone bodies and monocarboxylates, may be useful as energy source. However, there is still debate on which brain cells are the producers and primary consumers.

What are the most recent developments in your field of research?
1.2. Jimena Sierralta: 
Lactate has been demonstrated to be a relevant metabolite in vertebrates to drive brain activity in-vivo. Our group and others have shown in Drosophila the importance of monocarboxylate molecules to fuel the high energy requirements in neurons as well as the need of glial derived lactate and ketone bodies in memory formation.
What technologies are currently used to advance research in your field?
1.3. Enter author name:  Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.
What are the current experimental challenges?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.


What significant findings have you established in your field?
1.5. Andrés González-Gutiérrez: 
We have described monocarboxylate transporters in the Drosophila brain, and also determined that the transfer of lactate from glial cells to neurons is necessary to maintain the neuronal activity during high demand periods.

What research gap are you addressing with your protocol?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Andrés González-Gutiérrez:
The main advantage is to have the possibility to determine the intracellular dynamic of glucose and its metabolites such as lactate, pyruvate, ATP in glia cells and neurons during basal and high neuronal activity. Additionally, to measure the transport of these molecules in other living tissues such as fat bodies.
How will your findings advance research in your field?
1.8. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.
What new scientific questions have your results paved the way for?
1.9. Jorge Gaete: 
The use of Drosophila as in vivo model for the study of brain energy metabolism using a simple set up. This will allow the modeling of metabolic diseases or to better understand the energy management in the normal brain or during the development of neurodegenerative diseases. 
What research questions will your laboratory focus on in the future?
1.10. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.


Videographer: Obtain headshots for all authors.

Protocol Videos 
Each video will include a section of your protocol and accompanying results, if applicable. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration. Professional voiceover artists will narrate the video. 
· Red and italics are pronunciation guides (how the word will be spoken). 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product from that step in advance.
Protocol:
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Representative Results: 
· The three-digit numbers (e.g., 2.3.1., 2.3.2.) are the figures/tables from your manuscript. These will not be recorded by the videographer.
· Please review the result section to make sure it logically follows the video.
· Please note that the video cannot include voiceover without an accompanying visual.


IMPORTANT! Continuous shots: Please list the shots that need to be performed continuously without any interruptions. This information will help the videographer during filming. 

3.2.1 to 3.2.2
3.3.1 to 3.3.2
3.4.1, 3.4.2 and 3.4.3.


2. Video 2: Culturing Drosophila Third Instar Larvae for Brain Metabolite Studies
Demonstrator: Andrés Esparza
Protocol
2.1. To begin, place a 60-millimeter Petri dish covered with 1% agarose in PBS (P-B-S) in an egg-laying chamber [1]. Put a drop of liquid yeast in the center of the plate to encourage egg laying [2]. Next, introduce 300 Drosophila flies into the chamber [3].	Comment by Andrés González: Edited
2.1.1. WIDE: Talent places a 60 mm Petri dish with 1% agarose, in an egg laying chamber. 
2.1.2. Shot of yeast being added to the plate center. 	Comment by Andrés González: changed
2.1.3. Talent places 300 flies in the egg-laying chamber with a Petri dish.  
2.1.4. Talent places the flies at 25°C.

2.2. Keep the flies at 25 degrees Celsius for 3 days [1]. Replace the Petri dish and freshly dissolved yeast twice daily [2]. 
2.2.1. Talent takes out the flies at 25°C.	Comment by Andrés González: Changed
2.2.2. Shot of the Petri dish and yeast being replaced. 
2.2.3. Talent places the flies at 25°C.	Comment by Andrés González: Changed

2.3. On the fourth day, let the flies lay eggs for 4 hours [1]. After replacing the dish, allow the flies to lay eggs for 3 more hours on the fresh plate [2].
2.3.1. Shot of flies laying eggs.
2.3.2. CU: Fly eggs on a new plate is being observed.

2.4. After 3 hours, place the plaque with the eggs at 25 degrees Celsius for 24 hours [1]. From this plaque, collect 50 to 100 newly hatched larvae [2]  and place them in  a plastic vial containing standard feed [3]. 
2.4.1. Talent places the agarose plaque with eggs at 25°C. 
2.4.2. CU: Newly hatched larvae are being picked up with labware.  
2.4.3. Talent places the larvae in a plastic vial with standard food.
3. Video 3: Dissection of Third Instar Drosophila larva for Brain Metabolite Imaging
Demonstrator: Jorge Gaete

Protocol
3.1. To begin, place 25-millimeter glass coverslips into the wells of a 6-well cell culture plate [1]. Place a drop of poly-L-lysine in the center of each coverslip [2-TXT].
3.1.1. WIDE: Talent places 25 mm glass coverslips in a 6-well cell culture plate.
3.1.2. Talent places a drop of poly-L-lysine into the center of a coverslip. TXT: Incubation: 30 min, RT

3.2. After incubation is complete, wash each coverslip three times with distilled water [1]. Then wash the coverslips two times with a calcium-free saline solution [2].
3.2.1. Talent adds distilled water to each well. 	Comment by Sulakshana  Karkala: AUTHORS: Please confirm if this description of washing is correct. 	Comment by Andrés González: Is correct!
3.2.2. Talent replaces the distilled water with calcium-free saline solution.

3.3. Next install the covers in a recording chamber [1] and fill it with calcium-free saline [2].
3.3.1. Shot of the covers being installed in a recording chamber. 
3.3.2. Shot of the calcium-free saline being added to the chamber. 

3.4. Collect the wandering third-instar larvae from the desired genetic cross of Drosophila [1]. Wash the larva three times with distilled water [2].
3.4.1. Shot of a tube with the Drosophila third instar larva.	Comment by Andrés González: Changed
3.4.2. Talent transfer Drosophila third instar larvae from the tube to a dish well.
3.4.3. Talen adds distilled water to the well and washes the larvae. 

3.5. Place the larvae in another glass dissection dish well containing 750 microliters of ice-cold calcium free saline solution [1-TXT]. Now place a larva under a stereomicroscope [2].	Comment by Andrés González: Added	Comment by Andrés González: changed
3.5.1. Talent places the larvae in a glass dissection dish with 750  microliters ice-cold calcium free saline. TXT: Ca2+- Free Saline Solution (pH 6.7): 128 mM NaCl; 2 mM KCl; 4 mM MgCl2; 5 mM Trehalose; 5 mM HEPES; 35 mM Sucrose.	Comment by Andrés González: Changed
3.5.2. Talent places a larva under a stereomicroscope. 

3.6. With a pair of forceps, make a transverse cut across the back of the abdomen [1]. Push the jaw with the forceps to turn the larvae inside out [2].	Comment by Andrés González: Video 1, from 00.00 to 02.30
3.6.1. SCOPE: A transverse cut is being made on the abdomen of the larva.
3.6.2. SCOPE: The larval jaw is being pushed to turn the larva inside out.

3.7. Observe the ventral nerve cord next to the jaw [1]. Carefully remove the imaginal discs and remaining brain-caudal tissues [2].
3.7.1. SCOPE:  The ventral nerve cord is being pointed to.
3.7.2. SCOPE: The imaginal discs and brain-caudal tissues are being removed. 

3.8. Next, separate the ventral nerve cord with the central brain and optic lobes from the rest of the tissue [1]. Transfer the ventral nerve cord to the recording chamber containing calcium-free saline solution [2].
3.8.1. SCOPE: The ventral nerve cord and central brain are being separated from the remaining tissue. 
3.8.2. Talent transfers the ventral nerve cord to the recording chamber.
	Comment by Andrés González: Video 2, from 00.30 to 01.13
3.9. To avoid interference, attach the remaining nerves to the bottom of the coverslip with forceps [1].
3.9.1. CU: The remaining nerves are being attached to the coverslip bottom.
	Comment by Andrés González: Same video 2
3.10. To perform experiments in fat bodies, proceed to isolate the fat tissues from the turned-out larva [1]. Place the isolated fat bodies expressing the FRET sensors in the recording chamber [2].
3.10.1. SCOPE: The FB tissue is being isolated from the inside out larva.	Comment by Andrés González: Video 3, from 00.00 to 02.52
3.10.2. Talent places isolated fat bodies in the recording chamber.  	Comment by Andrés González: Video 4, from 01.15 to 01.32


Live Cell Imaging  
3.11. Place the recording chamber containing ventral nerve cords or fat bodies on the stage of a fluorescent microscope [1]. To acquire images of tissues expressing sensors, turn on the illumination system of the microscope [2]. 	Comment by Andrés González: changed

3.11.1. Talent switches on the illumination system of the fluorescent microscope 30 min before starting the experiment. 	Comment by Andrés González: Changed
3.11.2. Talent places the recording chamber on the stage of the fluorescent microscope.

3.12. To view the GCaMP6f (G-C-A-M-P-6-F) fluorescence, set the excitation wavelength to 488 nm (nanometers) and emission wavelength to 540 nm [1]. For metabolites such as laconic, pyronic, ATP (A-T-P) or glucose sensors, set the excitation to 440 nm and the emission to 488 and 540 nm [2]
Authors: Please create screen capture videos of the shots labeled 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=20083078

3.12.1. The emission and excitation wavelengths are being set to 488 nm and 540 nm	Comment by Andrés González: Screen 1.1
Screen 1.2
3.12.2. SCREEN:The emission and excitation wavelengths are being set to 440 nm, 488 nm and 540 nm
	Comment by Andrés González: Changed	Comment by Andrés González: Screen 2.1
Screen 2.2
3.13. Now, set the image acquisition to record images of 512 x 512 pixels (five-twelve by five-twelve pixels) at regular intervals for GCaMP6f and metabolite sensor [1-TXT]. Place the water immersion objective, ensuring it remains submerged [2].
3.13.1. SCREEN:  Image acquisition settings are being input. TXT: GCaMP6f: Every 2 s; Laconic/Pyronic/ATP/Glucose Sensors: 10 – 30 s	Comment by Andrés González: Screen 3 and screen 4
3.13.2. Talent places the water immersion objective, submerged in the recording chamber. 
3.14. Next connect the recording chamber to a perfusion system [1]. Keep the tissues bathed in the recording solution [2-TXT].
3.14.1. Shot of the recording chamber being connected to a perfusion system.
3.14.2. CU: Shot of the tissues being submerged in the recording solution. TXT: Recording Solution (pH 6.7): 128 mM NaCl; 2 mM KCl; 1.5 mM CaCl2; 4 mM MgCl2; 5 mM Trehalose; 5 mM HEPES;35 mM Sucrose
	Comment by Andrés González: Tissues are already submerged in the recording solution (3.5.2 and 3.10.2)	Comment by Andrés González: added
3.15. Use a low flux peristaltic pump to extract the liquid from the chamber and maintain a constant flow of 3 milliliters per minute [1]. Position the solution-containing tubes 25 centimeters above the microscope stage [2].
3.15.1. Shot of a low flux peristaltic pump connected to the system. 
3.15.2. Talent places the solution-containing tubes 25 cm above the microscope stage.

3.16. Before any stimulation, obtain a stable fluorescence baseline by allowing the  recording solution to flow for 5 to 10 minutes [1-TXT]. Now, replace the flow solution with the stimulation solution for 5 minutes with glucose, pyruvate, or lactate at the concentration described for each experiment dissolved in saline solution; [2].	Comment by Andrés González: Added
3.16.1. SCREEN: A stable fluorescence baseline is being seen. TXT: Change flow duration as necessary	Comment by Andrés González: Screen 5
3.16.2. Talent replaces the recording solution with stimulation solution.
3.17. Expose the ventral nerve cord to 80 micromolar picrotoxin to stimulate neuronal activity [1]. Proceed to image analysis once all images have been acquired [2].	Comment by Andrés González: Changed	Comment by Sulakshana  Karkala: AUTHORS: This sentence was added for script continuity.
3.17.1. SCREEN: A change in fluorescence corresponding to the stimulation is being seen.	Comment by Sulakshana  Karkala: AUTHORS: Please confirm if this is accurate. 	Comment by Andrés González: Yes, and we will send 2 captures, one before the stimulus and another after the stimulus (See Screen 5 and 6)
3.17.2. SCREEN: The acquired image is being seen.	Comment by Andrés González: Screen 6 (before) Screen 7 (after PTX)
Representative Results
3.18. Laconic sensors in both glial cells and motor neurons respond to 1 millimolar lactate at a similar rate at the start of the pulse [1]. However, the motor neurons reach a higher increase over the baseline during the 5-minute pulse [2].
3.18.1. LAB MEDIA: Figure 4 A and B Video Editor: Please show only the Before images of 4A. Please emphasize the curves before the pink (lactate 1 mM) section of the graph in 4B
3.18.2. LAB MEDIA: Figure 4 A and B Video Editor: Please show only the Lactate 1M and After images of 4A. Please emphasize the curves in the pink (lactate 1 mM) section of the graph in 4B
3.19. The glucose sensors’ signal increased at a similar rate in the glial cells and neurons, when exposed to 5 millimolar glucose [1]. During the glucose pulse, however, the signal in neurons increases more than in glial cells [2].
3.19.1. LAB MEDIA: Figure 4 C
3.19.2. LAB MEDIA: Figure 4 C	Video Editor: Please emphasize the grey curve in the purple section
3.20.  Knocking out Chaski transporter reduced lactate transport in glial cells [1]. 
3.20.1. LAB MEDIA: Figure 5A	Video Editor: Please emphasize the purple curve
3.21. Picrotoxin-induced increases in neuronal activity resulted in a transitory drop in ATP levels in the soma of motor neurons [1]. 
3.21.1. LAB MEDIA: Figure 6B
3.22. The laconic sensor was observed to be well expressed in fat bodies [1]. Increased fluorescence of the glucose sensors was seen when the fat bodies were exposed to increasing glucose concentration [2]. 
3.22.1. LAB MEDIA: Figure 7A
3.22.2. LAB MEDIA: Figure 7B	Video Editor: Please emphasize each increase of the curve 
3.23. Increased lactate and pyruvate concentrations resulted in a proportional increase in Laconic and Pyronic fluorescence [1]. 
3.23.1. LAB MEDIA: Figure 7C and D
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