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

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

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: _____________________________________________

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

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.) _4.1, 4.2, 4.3, 4.4, 4.6__________________________________________
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.) 4.2: Gently and patiently push on the brain with probe until sunk- this may take several tries. 4.4: Hold the tissue restraint with tweezers ensuring that the restraint is wedged between the two prongs of the tweezers. Slowly lower into the well keeping the restraint level until it makes contact with the sides of the well and carefully drop into place.___________________________
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? __Filming needing to take place in a quiet location will be done one floor up in the same building._______(Author Comment: We filmed in the lab due to the conference space being used.)
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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Marla Tipping: This method can help answer key questions about Drosophila brain metabolism, such as how overproliferation of glial cells affects metabolic programming, and whether diet or behavior alters metabolism [1-MED]. 
1.1.1. Interview style

1.2. Marla Tipping: The main advantage of this technique is that fly brains can be metabolically analyzed as one whole intact tissue with reproducible results obtained from measuring just one brain at a time [1-MED].   
1.2.1. Interview style
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Kathryn Neville: Though this method can provide insight into the metabolism of the fly brain, it can also be applied to other tissues and model systems, such as imaginal discs and C. elegans, respectively [1-MED].
1.3.1. Interview style

Protocol: (read by voice talent at JoVE)
2. Preparation of the Micro-tissue Restraints
2.1. To prepare the micro-tissue restraints, from the storage container, select 1 micro-tissue restraint per brain that is being measured, plus at least 3 for the use as restraint-only controls [1-MED-over the shoulder]. 
2.1.1. Talent takes out 4 micro-tissue restraints from the storage container
2.2. Using a mesh basket and a 6-well plate, rinse the restraints with 70% ethanol [1-MED-over the shoulder] and wash them with deionized water 3 times, each time for 2 minutes [2-CU-TXT]. Perform additional water washes if the restraints still give off an alcohol odor [3-MED]. 
2.2.1. Talent rinses the restraints with 70% ethanol
2.2.2. CU the restraints as they are being washed. Text: 3x, 2 min each

2.2.3. Talent washes the restraints with water
2.3. Wash the micro-tissue restraints in assay media [1-MED-over the shoulder] and leave them in this solution until they are ready for use [2-CU].
2.3.1. *Film as written

2.3.2. CU the restraints in the solution after wash
3. Dissection of the Drosophila Melanogaster Larval Brains
3.1. To dissect the Drosophila melanogaster larval brain, select the late third instar larvae from a vial of cultured Oregon-R flies [1-MED-over the shoulder]. Place the larva in the well of a clean dissecting spot plate containing 500 μL of 1x PBS [2-CU].
3.1.1. Talent selecting a larva from a vial using tweezers

3.1.2. CU the larva as it is placed in the well of a dissecting plate with PBS
3.2. Next, wash the larva by gently shaking it in the well [1-CU], and transfer it to another clean well [2-CU]. Then, place the spot plate under the dissecting microscope [3-MED].
3.2.1. CU the larva as it is washed in the well.

3.2.2. CU the larva as it is transferred to a clean well.
3.2.3. *Film as written
3.3. Grasp the larva at its midsection with one pair of tweezers, while grasping the eye hooks with a second pair of tweezers [1-SCOPE]. Gently and smoothly pull the larva in opposite directions using the two sets of tweezers [2-SCOPE]. Visualize the brain, which typically stays attached to the eye hooks and commonly has eye-antennal discs attached to it [3-SCOPE].  
(Author Comment: These shots were filmed ahead of time on our scope camera.)
3.3.1. Show that the larva is grasped at its midsection with one pair of tweezers, while the eye hooks are being grasped with a second pair of tweezers

3.3.2. Show that the larva is pulled in opposite directions using the two sets of tweezers
3.3.3. Show that the brain is attached to the eye hooks
3.4. Using the eye hooks to hold the brain in place, carefully remove additional tissues [1-SCOPE]. Lastly, separate the eye hooks from the brain [2-SCOPE]. Then, use tweezers to transfer the dissected brain to a new well containing 1x PBS [3-MED-over the shoulder-TXT].
(Author Comment: The scope shots were filmed ahead of time on our scope camera.)
3.4.1. Show that additional tissues are removed from the brain
3.4.2. Show that the eye hooks are separated from the brain

3.4.3. *Film as written. Text: Dissect a total of 14 brains.
4. Addition of the Dissected Brains and Micro-tissue Restraints to the 96-well Metabolic Assay Cell Plate 

4.1. To add the dissected brains to a 96-well metabolic assay plate, first add 50 μL of assay media to all the wells, including the experimental, control, restraint-only, and background wells [1-MED-over the shoulder]. Then, carefully place one brain in each well [2-CU].
4.1.1. Talent adds 50 μL of assay media to the wells of the 96-well metabolic assay plate
4.1.2. CU the plate as the brains are placed in the wells
4.2. Under the dissection microscope, use a bent needle micro-probe to press the brains to the bottom of the well [1-SCOPE]. Gently position the brains in the middle of the three raised spheres using the probe [2-SCOPE].
4.2.1. Show that a bent needle micro-probe is used to sink the brains to the bottom of the well
4.2.2. Show that the brains are positioned in the middle of the three raised spheres

4.3. To add a micro-tissue restraint to the 96-well metabolic assay plate, first place it on the edge [1-CU]. Under the microscope, orient it with the plastic ring facing down and the mesh on top [2-SCOPE]. 
4.3.1. CU a micro-tissue restraint as it is placed to the edge of the 96-well metabolic assay plate
4.3.2. Show that the micro-tissue restraint is oriented with the plastic ring facing down and the mesh on top
4.4. Next, remove the plate from the microscope [1-MED]. Use the tweezers to grasp the restraint on both sides and gently drop it into the well [2-CU]. Use a bent needle micro-probe to press the restraint down into the well [3-CU]. 
4.4.1. *Film as written

4.4.2. CU the restraint as it is grasped by both sides and dropped into the well

4.4.3. CU the restraint as it is pressed down by a bent needle micro-probe into the well
4.5. Kathryn Neville: The micro-tissue restraints must be positioned properly over the centered brain in each well for this technique to provide meaningful results [1-MED].           

4.5.1. Interview style. Please fill in the name of the speaker for this statement
4.6. Under the microscope, verify that the dissected brain can be seen through the tissue restraint and that it is centered in the well [1-SCOPE] and repeat the procedure for all the wells that will be used in the assay [2-SCOPE].

4.6.1. Show that the brain is seen through the tissue restraint and is centered in the well
4.6.2. Show that the brains are seen through the tissue restraints in a few wells. 
4.7. Carefully add 130 μL of assay media to each of the experimental, control, and restraint-only wells [1-SCOPE] [4.7.1-MED-over the shoulder]. Verify that the brains and micro-tissue restraints have not moved while adding the media [2-SCOPE]. Then, add 180 μL of assay media to the four corner wells for use as background control [3-CU]. 
4.7.1. Show that 130 μL of assay media is added to each well

4.7.2. Show that the brains and micro-tissue restraints are not moving while the media is added

4.7.3. CU the plate as 180 μL of assay media is added to the four corner wells
5. Addition of the Cell Plate to the Metabolic Analyzer and the Post-measurement Analysis 
5.1. In this procedure, remove the utility plate and add the cell plate without the lid, in the same orientation to the metabolic analyzer [1-MED-over the shoulder]. Select Load Cell Plate for the instrument to take in the cell plate and close the tray, and then begin the assay [2-MED-over the shoulder]. When the assay is complete, remove the ejected cell plate and cartridge [3-MED].
5.1.1. *Film as written
5.1.2. Talent selects Load Cell Plate for the instrument to take in the cell plate and close the tray
5.1.3. *Film as written
5.2. Use a dissecting microscope, verify that the brains and the micro-tissue restraints are still positioned properly in the well after the assay has completed, and exclude any wells with abnormalities from the analysis [1-SCOPE].
5.2.1. Show that the brains and the micro-tissue restraints are positioned properly in the well
6. Results: The OCR and ECAR are reproducibly measured in adult and larval D. melanogaster brains.  This results section is appropriate!
6.1. When the optimized conditions are followed, the assays with the larval and adult brains result in readings of OCR slightly exceeding 150 picomole/minute at the stabilized sixth time point, about 25 minutes into the assay [1-LM-TXT]. This rate is maintained for at least 30 minutes and up to 2 hours [2-LM]. 
6.1.1. 58007_Tipping_Figure 4B.pdf: Show Figure 4B. Text: OCR: Oxygen Consumption Rate
6.1.2. 58007_Tipping_Figure 4A.pdf: Show Figure 4A
6.2. The ECAR is slightly lower in adult brains than in larval brains at the sixth time point [1-LM-TXT] and is maintained for at least 30 minutes. This finding corresponds to an increase in glycolysis during the larval stages to support growth [2-LM].
6.2.1. 58007_Tipping_Figure 4D.pdf: Show Figure 4D. Text: ECAR: Extracellular Acidification Rate
6.2.2. 58007_Tipping_Figure 4C.pdf: Show Figure 4C

6.3. An injection with a mitochondrial inhibitor, such as oligomycin [1-LM] lowers the OCR readings to reveal the ATP-dependent respiration, and further treatment with rotenone and antimycin A lowers the OCR to reveal non-mitochondrial oxygen consumption [2-LM]. 
6.3.1. 58007_Tipping_58007fig5large.jpg: Show the graph, then add the first vertical line and text “Oligo”
6.3.2. 58007_Tipping_58007fig5large.jpg: In the graph, then add the second vertical line and text “Rot/AA”
7. Conclusion (said by authors on camera)

7.1. Marla Tipping: While attempting this procedure, it’s important to remember to center the brains and ensure the micro-tissue restraint is secured in place before running the assay and during the analysis [1-MED].
7.1.1. Interview style
7.2. Marla Tipping: Following this procedure, other methods like quantitative PCR and western blot analysis can be performed in order to answer additional questions about how gene expression contributes to the observed metabolic phenotype [1-MED].
7.2.1. Interview style. Please fill in the name of the speaker for this statement. 
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.
6.1.2.- Figure 4A.pdf

6.1.1.- Figure 4B.pdf

6.2.2.- Figure 4C.pdf

6.2.1.- Figure 4D.pdf

6.3.1.- Figure 5 line and oligo label.pdf- Figure 5 data with line added
6.3.1.- Figure 5 oligo line.pdf- Figure 5 data with line and text of oligo
6.3.2.- Figure 5 oligo plus rotaa line.pdf- Figure 5 data with oligo text and line, and line for rot/aa
6.3.2.- Figure 5 all lines and labels.pdf- Figure 5 data with oligo and rot/aa lines and text
(Author Comment: I used the link from the previous script to add the movies filmed on our microscope camera.)
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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