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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most visually important? 
2.5., 4.3., 5.1., 5.2., 6.6.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
5.1., 5.2.
Loading of the injection ports: Align port loading guide with sensor cartridge, hold it in place with left hand, insert the tips vertically, fully inject compounds with multi-channel pipette
5. Will the filming need to take place in multiple locations (greater than walking distance)? N
Authors: You can plan with the Videographer which steps will be performed at which location prior to or on the day of the shoot, but this information does not need to be included on the master copy of your script.


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Melanie Balbach: This protocol describes the application of an extracellular flux analyzer to evaluate the changes in energy metabolism during sperm capacitation [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Melanie Balbach: We developed this method to compare changes in glycolysis and oxidative phosphorylation in real-time between non-capacitated and capacitating mouse sperm [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee at Weill Cornell Medicine.


Section - Protocol
2. Sensor Cartridge and Extracellular Flux Analyzer Calibrant, Concanavalin A (ConA)-Coated Microplate, and Sperm Buffer Preparation
2.1. [bookmark: _Hlk22972980]On the day before the assay, remove the sensor cartridge from an extracellular flux assay kit [1] and place the cartridge upside down next to the utility plate [2].
2.1.1. WIDE: Talent removing sensor cartridge from kit
2.1.2. Talent placing cartridge next to utility plate
2.2. Fill a solution reservoir with 25 milliliters of double-distilled water [1] and add 200 microliters of water to each well of the utility plate [2].
2.2.1. Talent filling reservoir with water
2.2.2. Talent adding water to well(s)
2.3. Then place the sensor cartridge back into the utility plate [1] place the plate into a 37-degree Celsius, non-carbon dioxide incubator [2].
2.3.1. Talent placing cartridge into utility plate
2.3.2. Talent plate into incubator
2.4. Next, aliquot 25 milliliters of extracellular flux analyzer calibrant into a 50-milliliter conical tube [1] and place the tube into the 37-degree Celsius, non-carbon dioxide incubator [2].
2.4.1. Talent adding calibrant to tube, with kit visible in frame
2.4.2. Talent placing tube into incubator
2.5. To prepare ConA (con-A)-coated microplates, dissolve 2.5 milligrams of ConA in 5 milliliters of double-distilled water [1] and use a multi-channel pipette to fill each well of an extracellular flux analyzer 96-well plate with 50 microliters of the Con A solution [2].
2.5.1. ConA being dissolved in water, with ConA container visible in frame Videographer: Important step
2.5.2. Talent adding ConA to well(s), with ConA container visible in frame Videographer: Important step
2.6. Then leave the lid open to let the plate dry overnight [1].
2.6.1. Talent placing plate onto bench
2.7. To prepare the sperm buffer, heat 250 milliliters of extracellular flux analyzer TYH (T-Y-H) buffer to 37 degrees Celsius [1-TXT] and adjust the pH to 7.4 [2].
2.7.1. Talent placing buffer at 37 °C TEXT: See text for all solution preparation details
2.7.2. Talent checking buffer pH
3. Cartridge Calibration Preparation and Wave Template Generation 
3.1. On the day of the assay, replace the water in each well of the utility plate with 200 microliters of XF (X-F) calibrant per well [1] and place the plate back into the non-carbon dioxide incubator for at least 1 hour [2].
3.1.1. WIDE: Talent adding XF calibrant to well(s), with calibrant container visible in frame
3.1.2. Talent placing plate into incubator
3.2. To generate a wave template, turn on the extracellular flux analyzer [1].
3.2.1. Talent turning on analyzer
3.3. While the temperature is stabilizing to 37 degrees Celsius, open the wave software [1] and open a blank template [2].
3.3.1. Talent at computer, opening software
3.3.2. SCREEN: 3.3.2.: 00:07-00:16
3.4. Under the Group definitions tab, define the assay medium as TYH [1] and the cell type as mouse sperm, leaving the injection strategies and pretreatments blank [2].
3.4.1. SCREEN: 3.4.1.: 00:03-00:12
3.4.2. SCREEN: 3.4.1.: 00:27-00:35
3.5. Create different groups for each assay condition [1] and open the Plate map to assign each group to specific wells [2-TXT].
3.5.1. SCREEN: 3.5.1.: 00:02-00:14
3.5.2. SCREEN: 3.5.2.: 00:03-00:13 TEXT: Assign 7-8 wells/group
3.6. Under the Protocol tab, unhighlight Equilibrate, add each of 4 different measurement cycles, select the respective port, and edit the measurement details so that Measure after injection is highlighted [1].
3.6.1. SCREEN: 3.6.1.: 00:02-00:20 Video Editor: can speed up
3.7. Then save the assay template, fill out the project summary, and save the results [1].
3.7.1. SCREEN: 3.7.1.: 00:01-00:28 Video Editor: please speed up
4. Mouse Sperm Isolation 
4.1. Before harvesting the sperm, pre-warm 50 milliliters of TYH buffer at 37 degrees Celsius [1].
4.1.1. WIDE: Talent placing buffer at 37 °C
4.2. After harvesting caudas from adult male mice, place each cauda in 500 microliters of the pre-warmed TYH buffer in individual wells of a 24-well plate [1-TXT].
4.2.1. Talent placing cauda into well TEXT: Euthanasia: anesthesia + cervical dislocation
4.3. Use forceps to immobilize each cauda individually at the bottom of each well [1] and quickly make 5-7 small incisions in each tissue using feather scissors [2].
4.3.1. Cauda being immobilized Videographer: Important step
4.3.2. Incisions being made Videographer: Important step
4.4. When all of the caudas have been incised, immediately place the plate into the non-carbon dioxide incubator to allow the sperm to disperse for 15 minutes [1].
4.4.1. Talent placing plate into incubator
5. Sensor Cartridge Loading
5.1. To load the sensor cartridge, remove the lid from the sensor cartridge [1] and align the letter of the respective port loading guide with the upper left corner of the cartridge [2].
5.1.1. WIDE: Talent removing lid
5.1.2. Letter being aligned Videographer: Important/difficult step
5.2. Holding the port loading guide in place [1], insert the pipette tips vertically into the port loading guide holes of port A [2] and inject 20 microliters of TYH buffer into every column [3].
5.2.1. Guide being grasped
5.2.2. Tips being inserted Videographer: Important/difficult step
5.2.3. TYH buffer being injected, with TYH container visible in frame Videographer: Important/difficult step
5.3. For port B, inject 22 microliters of TYH buffer into columns 1-4 [1], 22 microliters of 500 millimolar 2-deoxy-D-glucose into columns 5-8 [2], and 25 microliters of 5 micromolar antimycin A-rotenone into columns 9-12 [3].
5.3.1. TYH being injected to columns 1-4, with TYH container visible in frame
5.3.2. 2-DG being injected to columns 5-8, with 2-DG container visible in frame
5.3.3. AntA/Rot being injected to columns 9-12, with AntA/Rot container visible in frame
5.4. For port C, inject 25 microliters of TYH buffer into every column with odd numbers [1] and 25 microliters of 10 millimolar of dibutyryl-cyclic AMP (A-M-P)-500 micromolar IBMX (I-B-M-X) into every column with even numbers [2-TXT].
5.4.1. TYH being injected into odd numbered columns, with TYH container visible in frame
5.4.2. Db-cAMP-IBMX being injected to even numbered columns, with db-cAMP-IBMX container visible in frame TEXT: AMP: adenosine-3’5’-mono-phosophate; IBMX: 3-isobutyl-1-methylxanthine
5.5. Then place the sensor cartridge with the calibration plate into the extracellular flux analyzer and start the assay [1]. The calibration will take 10-15 minutes [2].
5.5.1. Talent loading plate into analyzer
5.5.2. Talent starting assay
6. Sperm Plate Preparation
6.1. To prepare the sperm plates, add 3 milliliters of 3 milligram/milliliter bovine serum albumin in TYH buffer to each of three 5-milliliter centrifuge tubes [1].
6.1.1. WIDE: Talent adding BSA to tube(s), with BSA container visible in frame
6.2. Next, pool two wells of sperm into each of three 1.5-milliliter centrifuge tubes [1]. After counting, dilute the sperm to a 2 x 107 sperm/milliliter concentration per sample in fresh TYH supplemented with bovine serum albumin [2].
6.2.1. Talent adding sperm to tube
6.2.2. Talent adding buffer to tube, with hemocytometer and counter visible in frame
6.3. Sediment the sperm by centrifugation [1-TXT] and resuspend the sperm pellets in 1 milliliter of TYH buffer [2].
6.3.1. Talent placing tube(s) into centrifuge TEXT: 3 min, 700 x g, RT
6.3.2. Shot of pellet if visible, then TYH buffer being added to tube, with buffer container visible in frame
6.4. Centrifuge the sperm again [1] and remove the supernatants, taking care not to disturb the pellets [2].
6.4.1. Talent placing tube(s) into centrifuge
6.4.2. Supernatant being removed
6.5. Transfer each sperm suspension into one of the prepared 5-milliliter centrifuge tubes [1] and add 180 microliters of TYH buffer into each corner well of a ConA-coated plate [2].
6.5.1. Talent adding sperm to tube
6.5.2. Talent adding buffer to corner(s)
6.6. Add 180 microliters of sperm into each empty well of the ConA-coated plate [1-TXT] and centrifuge the plate two times [2-TXT], rotating the plate 180 degrees between centrifugations [3].
6.6.1. Talent adding sperm to well(s) Videographer: Important step TEXT: 1.2 x 106 sperm/well
6.6.2. Talent placing plate into centrifuge TEXT: 1 min, 250 x g, RT, lowest brake, x2
6.6.3. Talent rotating plate in centrifuge Videographer: Important step
6.7. Then replace the calibration plate with the sperm plate [1] and continue the assay [2].
6.7.1. Talent placing sperm plate into analyzer
6.7.2. Talent continuing assay




Section – Results
7. Results: Representative Changes in Glycolysis and Oxidative Phosphorylation During Mouse Sperm Capacitation

7.1. In this representative experiment, sperm were capacitated in the presence of glucose as the only energy substrate and 2-deoxy-D-glucose and antimycin and rotenone as the pharmacological modulators [1].

7.1.1. LAB MEDIA: Figure 4

7.2. In the presence of glucose, capacitation was accompanied by a 7-fold increase in the extracellular acidification rate [1], which is inhibited by blocking glycolysis with 2-deoxy-D-glucose [2].

7.2.1. LAB MEDIA: Figure 4A Video Editor: please emphasize light blue data line
7.2.2. LAB MEDIA: Figure 4A Video Editor: please emphasize dark blue data line

7.3. Capacitated sperm demonstrated a 20-fold increase in the oxygen consumption rate compared to non-capacitated sperm [1], demonstrating that mouse sperm enhance both glycolysis and oxidative phosphorylation to support the increasing energy demand during capacitation [2].

7.3.1. LAB MEDIA: Figure 4B Video Editor: please emphasize light blue data line
7.3.2. LAB MEDIA: Figure 4B

7.4. The rise in the extracellular acidification rate during sperm capacitation [1] is not affected by the oxidative phosphorylation inhibitors antimycin A and rotenone [2], indicating that the change in this rate is mainly driven by hydrogen release from glycolysis [3]. 

7.4.1. LAB MEDIA: Figure 4C Video Editor: please emphasize light blue data line
7.4.2. LAB MEDIA: Figure 4C Video Editor: please emphasize grey data line
7.4.3. LAB MEDIA: Figure 4C

7.5. The increase in oxygen consumption rate, however, is blocked by antimycin A and rotenone as well as by 2-deoxy-D-glucose [1], revealing that the increase in oxphos during sperm capacitation is dependent on glycolytic activity [2].

7.5.1. LAB MEDIA: Figure 4D Video Editor: please emphasize grey data line 
7.5.2. LAB MEDIA: Figure 4D


Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

8.1. [bookmark: _GoBack]Melanie Balbach: The energy sources and pharmacological activators and inhibitors can be varied according to the goal of the experiment and up to 12 different conditions can be measured in parallel [1]. 

8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

8.2. Melanie Balbach: The protocol can also be easily adapted to sperm from other species, such as human or bovine, in which the changes in energy metabolism during capacitation are equally enigmatic [1].

8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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