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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)__N_______  

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: It is a normal binocular – should we provide the company?
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y_____ 

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.) 
2.4, 3.4, 3.6, 3.8, 3.9, 4.1
Authors: Please only list 4-6 steps 

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.) _4.3.1
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________

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. Shahaf Peleg: This method can help answer key questions in the metabolism field, such as how metabolic activity is altered during the process of aging. 
1.2. Anuroop Venkateswaran Venkatasubramani: The main advantage of this technique is the use of an intact body segment, which results in data that closely resembles the natural, physiological state compared to classical mitochondrial isolation. 
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Shahaf Peleg: Demonstrating the procedure will be Anuroop and Annika Müller-Eigner, a grad student from my laboratory. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol: (read by voice talent at JoVE)
2. Instrument Preparation

2.1. To begin the protocol, turn on the machine one hour before starting the experiment so that there is adequate time to reach the desired temperature and remain stable [1-MED/WIDE-TXT].
2.2. [1-MED]. 

2.2.1. Talent mixes reagents to prepare  (Authors wanted 2.4 and 2.5 moved below 2.1. Instead, I’ve moved 2.2 below 2.5 since the numbering has not changed.)
2.3. [1-MED].
2.3.1. Over the shoulder, talent measures pH using pH meter and adds compounds to adjust pH  (Move above 3.3)
2.4. Then, in the software setup, under administration mode, choose the length of the cartridge calibration and the desired temperature [1-SCREEN].  
2.4.1. *Film as written 
2.5. Then enter the following protocol [1-SCREEN-TXT]. Depending on the experimental design, add injection steps from ports A-D after a chosen measurement step [2-SCREEN]. 
2.5.1. *Film as written. TEXT: 3 min mixing, 2 min waiting, 2 min measuring
2.5.2. *Film as written 

2.2.
Next, ensure the experimental drugs are thoroughly dissolved in fresh medium plus 2.5% glucose [1-MED]. 

2.2.1.
Talent mixes reagents to prepare 

2.6. To check quality and the determination of the basal OCR, adjust the protocol for at least three measurement cycles before setting the injection of the first drug via port A [1-MED-TXT]

2.6.1. Talent injects drug port via port A. TEXT: See accompanying text protocol for detailed guidance 

3. Cartridge Preparation

3.1. Pre-calibrate the cartridge one day, or at least 4 h prior to testing by adding 1.0 mL of Calibrant to each well and place the sensor cartridge on top of the plate [1-MED].

3.1.1. Talent at bench with cartridge. Talent adds Calibrant to each well, then places sensor cartridge on top of plate. 

3.2. Cover the cartridge with parafilm, if it is scheduled to hydrate for more than 24 h, to prevent evaporation [1-CU]. Store the cartridge at 37 °C without CO2 overnight [2-MED]. 
3.2.1. Talent covers the cartridge with parafilm 

3.2.2. Over the shoulder, talent places cartridge in incubator. If possible, capture the incubator settings in the shot. 

2.3.
Measure and adjust the pH of the drug solution to the pH of the vehicle at the desired temperature [1-MED].
2.3.1.
Over the shoulder, talent measures pH using pH meter and adds compounds to adjust pH 

3.3. Pipet the drug solution to its allocated injection port [1-CU]. Then load the cartridge into the machine and begin calibration [2-MED].
3.3.1. Focus on the injection port as talent pipets the drug solution
3.3.2. Talent loads cartridge and starts the machine 
4. Plate Preparation

4.1. Adjust freshly prepared media + 2.5% glucose to the desired pH with 1 N HCl [1-MED-TXT].  
4.1.1. Talent adds HCl to media to adjust the pH, TEXT: Ensure temperature does not affect pH 
4.2. Next, prepare an ice box and place a metal plate on the ice [1-MED]. Open the islet plate package [2-MED]. Immerse the nets in media by 16 mm Petri dish [3-CU-TXT].
4.2.1. Show the ice box for a beat without the metal plate. After beat talent places metal plate on ice. 

4.2.2. Talent opens islet plate package 

4.2.3. Talent immerses nets in Petri dish with media, TEXT: Best if 2 individuals prepare plates simultaneously 
4.3. Collect one net with the inserter and have the inserter stand up next to the microscope [1-MED]. Add a small drop of media to the net attached to the inserter [2-CU]. [3-MED-Interview Shot]
4.3.1. Over the shoulder, talent collects net with inserter then stands it up next to the microscope 

4.3.2. Focus on the net attached to the inserter as the drop of media is added 
4.3.3. Shahaf Peleg: Remember to look at the raw data of the oxygen and pH levels to detect any abnormal wells prior to analysis. Furthermore, it is critical to choose the appropriate oxygen consumption rate calculation based on the oxygen levels. (Author Comment: IT DOES NOT BELONG IT. PLEASE ADD IT TO THE RESULTS SECTION IN FIGURE 2A) (Editor: I have not moved this statement. The authors were not clear about what exactly was moving or why, and interview statements in the Results section are not typically allowed by our style guidelines)
4.4. Then anesthetize the flies by placing them on an ice-cold metal plate [1-CU]. Using forceps, grab the abdomen of a fly and immerse it in the media in a Petri dish under the microscope [2-SCOPE].
4.4.1. Talent places flies on ice-cold metal plate and they become immobile 

4.4.2. *Film as written 
4.5. Using a second pair of forceps, gently remove the head of the fly [1-SCOPE]. Place the head in the middle of the net attached to the inserter and verify that the head is immersed in media [2-CU/ECU].
4.5.1. *Film as written 

4.5.2. Talent places head on inserter, and adjusts the head so it is immersed in media
4.6. Remove superfluous fluid before centering the heads to avoid losing heads while placing them in the well [1-CU]. When there are 16 heads on the net, center them [2-CU]. 
4.6.1. Fluid is removed from the well net
4.6.2. The heads are centered on the net 
4.7. Using the inserter, place the net in the well [1-CU]. Ensure that the heads are trapped under the net and slowly add 700 μL of media + 2.5% glucose [2-CU]. 
4.7.1. The inserter places the net in the well

4.7.2. Show the heads trapped under the net for a beat or two, then media is added to the heads 

4.8. Make sure that empty wells, which are used for background, also contain a net with 700 μL of the buffer + 2.5% glucose [1-MED-TXT]. 
4.8.1. Talent adds media to empty wells. TEXT: Repeat process for each well
4.9. Check the wells for air bubbles under the nets via the microscope [1-SCOPE]. Pipet gently up and down using a 1 mL pipet to remove any bubbles [2-SCOPE]. 
4.9.1. *Film as written 

4.9.2. *Film as written

4.10. Keep the heads centered for a reliable OCR reading [1-CU]. Then add the plate to the machine and start the measurement [2-MED]. 

4.10.1.  Focus on the heads in the media as they are pipetted up and down gently 

4.10.2.  Talent places plate in machine
5. Analysis of OCR Measurements

5.1. At the end of the protocol, remove the cartridge [1-MED]. Visually confirm that there are no visible leftovers in the port fillings [2-CU].
5.1.1. Talent removes cartridge from machine

5.1.2. Focus on the ports 
5.2. Next, discard the cartridge and plate, if the heads are not to be used for protein extraction [1-MED]. 
5.2.1. Talent discards the cartridge and plate 
5.3. Extract the spreadsheet files and quality check each well for oxygen and pH levels [1-SCREEN]. Make sure that the background wells show no OCR and that oxygen levels are stable [2-SCREEN].
5.3.1. *Film as written
5.3.2. *Film as written 
6. Results: Oxygen Levels of Midlife Heads Lower than Young Heads 
6.1. Upon performing the protocol, it was observed that the oxygen levels of midlife heads drops quicker than young fly heads [1-LM]. When the range of the oxygen levels is similar between conditions, it is to better to use the AKOS [sound out each letter] algorithm to automatically generate the oxygen consumption rate, or OCR, which reliably mirrors the oxygen level drop between young versus midlife heads [2-LM-TXT].
6.1.1. Figures 2A & 2B. Video Editor: Show figure 2B with all text. When “midlife heads” is said add an arrow pointing at the graph for middle age (the red graph). 
6.1.2. Figures 2A & 2B. Video Editor: Show figure 2A only. When “similar” is said, trace both graphs. When “AKOS” is said add Figure 2B to the right of Figure 2A. When “young” is said, add an arrow pointing at the respective graph. When “midlife” is said add an arrow pointing at the respective graph. TEXT: Tick = 10 sub-measurements. 
6.2. The addition of sodium butyrate, or SB, a KDAC inhibitor, transiently changes the dynamics of the oxygen levels [1-LM]. Whereas the vehicle controls display steady levels of oxygen during the first and last ticks, SB addition causes a considerable and transient drop of the oxygen levels in these ticks [2-LM].
6.2.1. Figure 3A. Video Editor: Show the entire figure with all text. When “sodium butyrate” is said add a legend that includes sodium butyrate and vehicle as seen in the upper right corner of the figure. Please be sure to spell out “vehicle” in the legend (it is misspelled in the figure).
6.2.2. Figure 3A. Video Editor: Show the entire figure with all text and keep the legend on the screen as in 6.2.1. When first and last ticks is said add a green box around the first tick and a box around the last tick respectively. 
6.3. Because the AKOS calculation considers all ticks and ignores an anoxic state, it generates a misleading OCR as observed in the non-normalized AKOS based OCR levels, which show little change upon the injection of port A [1-LM].

6.3.1. Figure 3B. Video Editor: Show the entire figure with all text. Add a legend to the figure as in 6.2.1. When “non-normalized” is said add a red box around the entire graph on the left for a beat. When “little change upon injection” is said add an arrow pointing at the dashed line labeled “drug injection.” 
6.4. The FIXED algorithm, which more closely models and resembles the OCR and oxygen level changes, reveals an increased OCR upon SB treatment [1-LM].

6.4.1. Figure 3C. Video Editor: Show the entire figure with all text and add a legend to the figure as in 6.2.1. When FIXED is said highlight the corresponding text in the y-axis on the graph on the left for a beat. When “increased OCR” is said add an arrow pointing at the orange line in the graph on the left. 
7. Conclusion (said by authors on camera)

7.1. Shahaf Peleg: While attempting this procedure, it’s important to remember to work with two people to ensure a relative short time to prepare a single plate.

7.2. Anuroop Venkateswaran Venkatasubramani: Following this procedure, other biochemistry based methods like western blot and mass spectrometry can be performed to answer questions like which molecular mechanisms modulate metabolic alterations.

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 are included in the email accompanying the finalized script.
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