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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______(If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 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 steps by their protocol number. Step 3.4 and all 4
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number. 4.1-4.4 (Adjusted to reflect the script. RC)
E.  Will the filming need to take place in multiple locations? (Y/N) __N___ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:

The overall goal of the following experiment is to obtain enriched mitochondrial fractions that yield enough mitochondrial metabolites for metabolomics studies using Drosophila melanogaster. (Intro)

This is achieved by first raising a sufficient amount of flies to generate enough metabolites for mitochondrial enriched fractions. (P1: Shots 3.1.1 & 3.1.2)

As a second step, flies are homogenized into a glass-Teflon dounce homogenizer, which breaks down the cellular membrane without damaging mitochondrial integrity. (P2: Shot 4.2.1)  

Next, homogenates are subjected to differential centrifugation in order to generate enriched mitochondrial samples. (P3: Shots 4.2.2 & 4.3.1)

The results show that pronounced mitochondrial metabolic changes were detected using this protocol, which were undetected using whole-fly based metabolomics analysis on mitochondrial enriched fractions and whole animal extracts. (P4: LAB MEDIA: Figures 1 & 2)


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Eugenia Villa-Cuesta: The main advantage of this technique over existing methods, like whole-fly metabolomics analysis, is that mitochondrial fractioning prior to metabolomics analysis increases the sensitivity to identify mitochondrial metabolite shifts.   

Protocol (read by voice talent at JoVE):
2. Fly Food and Media Preparation
2.1. To begin the experiment, heat the fly food ingredients on a hotplate at 90 °C [2.1.1-MED-TXT]. Stir the mixture regularly until it is homogenous and slightly dense [2.1.2-CU]
2.1.1. *Film as written, TEXT: See accompanying text protocol for complete formulas
2.1.2. *Film as written. If possible, capture the texture of the mixture. 
2.2. Remove the food from the heating source and stir it occasionally [2.2.1-MED]. When the food cools down to 80 °C, add 0.2% tegosept-methyl 4-hydroxybenzoate dissolved in 95 % ethanol [2.2.2-MED]. 
2.2.1. *Film as written, Over the Shoulder. 
2.2.2. *Film as written, Over the Shoulder
2.3. Next, split the food into two equal volumes [2.3.1-MED]. Ensure that the food temperature has decreased to 50 °C [2.3.2-MED] and stir 1.1 mL of 50 mM rapamycin dissolved in ethanol into one volume and 1.1 mL of untreated ethanol into the second volume [2.3.3-MED]. 
2.3.1. *Film as written
2.3.2. *Film as written, if possible, capture the temperature on the thermometer as the talent checks it in the shot
2.3.3. *Film as written

3. Drosophila Strain Rearing 

Move Section 3.1 after Section 3.3
3.1. To control larval density during development, place 25 pairs of parents into a culture bottle and allow them to lay eggs for 48 hours [3.1.1-CU]. Then remove the parents to regulate egg density, and repeat these steps using the emerging F1 offspring, to achieve two generations of this density control [3.1.2-CU-TXT]. 
3.1.1. Talent has fly parents organized and places them into a bottle, then replaces them in bottle in storage. 
3.1.2. Talent opens up tube and places flies on plate, then sorts them under the microscope and places sorted flies into fresh tube, We were confused with this, but I think that we filmed the right shoot. It should be when flies were placed from the bottle into the pad.  TEXT: If strains vary in fecundity, adjust adult numbers accordingly, or pick eggs for precise control of density.
3.2. To collect adults, use a single stage regulator to deliver pure CO2 from a high pressure tank at a continuous flow of 5 psi [3.2.1-MED]. Avoid static electricity by using a plastic tube to pipe the CO2 into a 500 mL filtering flask, with tubing to bubble the CO2 through water [3.2.2-MED]. [3.2.3-CU]. 
3.2.1. Show the CO2 delivery system as described in the voiceover 
3.2.2. Same as Shot 3.2.1
3.2.3. *Film as written
3.3. Next, seal the flask with a rubber stopper that has one hole [3.3.1-MED]. Connect plastic tubing to the lateral aperture of the flask to a CO2 pad [3.3.2-CU]. [3.3.3-MED].
3.3.1. *Film as written
3.3.2. *Film as written
3.3.3. [moved] Talent places flies in secure storage space
Section 3.1 here
3.4. After two generations under density controlled conditions, separate the flies by sex, placing the flies on the pad for no more than 10-15 minutes [3.4.1-MED]. Allow the flies to recover from anesthesia for 24 hours before placing them in experimental conditions. [3.3.3-MED].  [3.4.2-MED] 
3.4.1. Talent sorts high volume of flies *Film as written
3.3.3	[moved] Talent places flies in secure storage space
3.4.2. *Film as written, if possible, capture the level of food in the vial 
3.5. Designate 300 flies per sample to generate enough metabolites for mitochondrial enriched fractions [X.X.X. not sure what we filmed for this, but I think we have extra shots with 5 vials with flies on them or an image of the demography cage with flies inside]. Then transfer the remaining 150 flies to a separate 1 liter cage…do not overpopulate cages with more than 150 flies [3.5.1-MED]. Note to videographer from VO:  The last sentence here is the same as the first sentence the authors put below, so I didn’t re-record it.
X.X.X [added] Talent sorts high volume of flies
3.5.1. *Film as written, if possible, capture the level of food in the vial
3.6. Transfer the remaining 150 flies to a separate 1 liter cage…do not overpopulate cages with more than 150 flies [Y.Y.Y. do we have a shot of two demography cages?]. Use six replicate samples per experimental condition and place the cages at 25°C, in a 12 hour light-dark cycle [3.6.1-CU/ECU]. [3.6.2-CU/ECU-TXT].  
Y.Y.Y [added] Talent handles replicate cages tubes
3.6.1. Talent handles  six different replicate and places them into tubes  
3.6.2. [new 3.6.1] *Film as written, TEXT: More flies are needed for tissue-specific assays, such as head or thorax dissection.
3.7. To finish Drosophila rearing, provide the flies with fresh food every 2 or 3 days in a vial with 5 mL of food to maintain food quality for a total of 10 days [3.7.1-MED]. [3.7.2-MED].  
3.7.1. *Film as written
3.7.2. *Film as written
4. Isolation of Mitochondrial Fractions
4.1. Start isolation by dumping flies from one cage into a glass-Teflon dounce homogenizer filled with 1 mL of chilled isolation buffer [4.1.1-CU/ECU]. 
4.1.1. *Film as written, if possible, capture the volume of isolation buffer at the bottom of the homogenizer
4.2. Next, place a mortar on ice to keep the mitochondria intact and homogenize the flies with 15 strokes and take care not to twist the pestle [4.2.1-CU/ECU]. Transfer the homogenate to a 1.5 mL tube and centrifuge the tube at 300 x g for 5 minutes at 4 °C [4.2.2-MED].
4.2.1. *Film as written
4.2.2. *Film as written, if possible, capture the settings on the centrifuge 
4.3. Transfer the supernatant to a different tube, and centrifuge the supernatant at 6,000 x g for 10 minutes at 4 °C to enrich the mitochondria [4.3.1-MED]. After centrifugation, discard the supernatant containing the cytosolic fraction [4.3.2-MED]. Resuspend the pellet in 300 µL of wash buffer by pipetting up and down gently [4.3.3-CU-TXT]. 
4.3.1. *Film as written, Over the Shoulder, if possible, capture the settings entered into the centrifuge before the spin
4.3.2. *Film as written, Over the Shoulder
4.3.3. *Film as written, TEXT: Vortexing and fast pipetting will shear the mitochondria
4.4. Repeat the previous steps for the second cage gyro… [4.4.1-MED] then combine the resuspended pellets of both cages in a cryogenic microcentrifuge tube and centrifuge the combined pellets at 6,000 x g for 10 minutes at 4 °C [4.4.2-MED]. Discard the supernatant and flash-freeze the pellet in liquid nitrogen [4.4.3-MED]. Finally, store the mitochondrial enriched fractions at -80 °C [4.4.4-MED/WIDE].
4.4.1. *Film as written
4.4.2. *Film as written [split into 2 shots] 
4.4.3. *Film as written [split into 2 shots]
4.4.4. *Film as written
5. Results: Minimal Contamination of Cytosolic Proteins 
5.1. This Western blot displays an enrichment of the mitochondrial membrane transport protein, porin, which serves as an indicator of the effective separation of mitochondria in mitochondrial fractions [5.1.1-LM]. Porin protein is undetectable in cytosolic fractions, while tubulin protein (a cytosolic microtubule protein) is not detected in the mitochondrial fraction, demonstrating the minimal contamination of cytosolic proteins [5.1.2-LM]. 
5.1.1. Villa-Cuesta and Rand_ Figure 1.tif
5.1.2. Villa-Cuesta and Rand_ Figure 1.tif
5.2. Principle components analyses, or PCA, were generated using the values generated from the mass spec analyses that were normalized to Bradford protein concentration, log transformed and imputated with minimum observed values for each compound.  These data were generated by Metabolon from Durham, NC.  PCA plots were generated using complete metabolite profiles from native and disrupted strains of flies harboring different mitochondrial DNA.
5.3. [5.2.1-LM]. Metabolites obtained with a standard whole fly extract can be compared against a PCA plot for metabolites in mitochondrial enriched extracts.
5.4. [bookmark: _GoBack][5.2.2-LM]. The metabolite profiles from whole flies separate along PC axis 2, and reflect the main effects of rapamycin treatment.  There are only subtle differences between the alternative mtDNA genotypes.  In contrast, the metabolite profiles from mitochondrial enriched extracts show a separation between the native mtDNA genotype on normal food, and the other three samples; the native mtDNA on rapamycin, and the alternative mtDNA on either normal or rapamycin food.  This implies that the effect of the alternative mtDNA shifts metabolite profiles in a manner analogous to the effects of rapamycin treatment. [5.2.3-LM]. 
5.4.1. Villa-Cuesta and Rand_ Figure 2.tif: Show images A and B side by side
5.4.2. Villa-Cuesta and Rand_ Figure 2.tif: Images A and B (continuous from 5.2.1). Highlight A with a yellow frame around the border when the sentence begins, then remove the highlight and highlight B when “PCA plot” is said. 
5.4.3. Villa-Cuesta and Rand_Figure 2.tif: Image B only. Place a yellow highlight on the graph from the zero on the y-axis (PC2) to the upper edge of the graph across the entire x-axis width. 

6. Conclusion (said by authors on camera)
6.1. Eugenia Villa-Cuesta: While attempting this procedure, it is important to remember to perform the extraction of all the samples the same day to decrease experimental variability. Although feasible, this protocol requires careful planning and preparation of materials ahead of time. Labeling the tubes ahead of time, and designing a plan to ensure consistency of waiting times between samples is necessary to preserve sample quality and to decrease variation between replicates. 


Provided Media

Insert your media filenames here.


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, as well as an introduction to your videographer, closer to your filming date.
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