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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?  No

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? 

☒ 	Interview Statements are read by JoVE’s voiceover talent. 

4. Filming location: Will the filming need to take place in multiple locations?   YES. However, it is also possible to film everything at one location if more convenient.  	Comment by Shehnaz Lokhandwala: Authors: Please arrange for the shoot to occur at one location. Given the length of your protocol, filming at 2 locations may not be possible within one workday. A second shoot day would result in additional fees.
If Yes, how far apart are the locations? 7 miles


Current Protocol Length

Number of Steps:  21
Number of Shots:  56 

Introduction

1. Introductory Interview Statements

1.1. OCT is a cryopreservation agent that is incompatible with mass spectrometry analysis. Using this protocol, researchers can remove OCT from tissues and quantify sphingolipids with tandem liquid chromatography mass spectrometry. 
1.1.1. 3.1.1, 3.2.3

Introduction of Demonstrator on Camera

1.2. Demonstrating the procedure will be Dr. Jeremy Allegood, Director of the Virginia Commonwealth Metabolomics and Lipidomics Core.  	Comment by Shehnaz Lokhandwala: Authors: Please include the names of whoever will demonstrate sections 2 - 4 of the protocol in this statement (do not mention the section numbers).

For example:
Demonstrating the procedure will be Name of demonstrator, a demonstrator job title  and Dr. Jeremy Allegood, Director of the Virginia Commonwealth Metabolomics and Lipidomics Core.
1.2.1. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.


Ethics Title Card
1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the Virginia Commonwealth University and 
de-identified human lung tissues were obtained under the approval of the Institutional Review Board (IRB) at the Virginia Commonwealth University 

Protocol
2. Preparation of Tissue-Drying Wicks
2.1. To begin, clean surgical scissors by immersing them in methanol for 5 minutes [1-TXT], followed by wiping them with a clean laboratory-grade tissue [2].
2.1.1. WIDE: Establishing shot of talent immersing surgical scissors in methanol. TEXT: Use LC-MS grade methanol throughout the protocol
2.1.2. Talent wiping the scissors.

2.2. Using powder-free gloves, twirl the end of a laboratory-grade tissue to create a finely tapered 30- to 40-millimeter-long wick [1]. Then, using the methanol-cleaned scissors, cut the wick at the thick end [2] and place it in a clean cardboard box [3-TXT].
2.2.1. Talent creating the wick.
2.2.2. Talent cutting the wick.
2.2.3. Talent placing the wick in a cardboard box. TEXT: Prepare twice as many wicks as samples

2.3. Next, using the methanol-cleaned scissors, cut 4 to 5 millimeters off the tip of a 1-milliliter pipette tip and place the tip back in the tip holder [1-TXT].
2.3.1. Talent cutting off the tip of a 1 mL pipette tip and placing it in the tip holder. TEXT: Prepare twice as many tips as samples

3. Tissue Washing for Sphingolipidomic Optimal Cutting Temperature-Compound (OCT) Removal
3.1. To wash away the OCT (O-C-T) from the tissues, add 10 milliliters of ice-cold ultra-pure deionized water to each tube containing human lung tissue [1] and cap them tightly [2]. Allow the tubes to incubate for 10 minutes [3].
3.1.1. WIDE: Talent adding 10 mL of water to the tissue tubes.
3.1.2. Talent capping the tubes. 
3.1.3. Shot of tubes incubating, timer counting down from 10 minutes in view.

3.2. Vigorously vortex each tube [1] until all the tissue deposited on the walls of the tube or the tissue pellet is completely resuspended [2]. Then, centrifuge the tubes in a pre-chilled swinging bucket centrifuge at 4,000 to 5,000 x g for 10 minutes at 4 degrees Celsius [3]. 
3.2.1. Talent vortexing the tubes.
3.2.2. ECU: Shot of the completely resuspended tissue pellet.
3.2.3. Talent placing the tubes in the centrifuge.

3.3. Once the centrifugation is complete, uncap the tubes on ice [1]. Carefully aspirate the wash solution, leaving approximately 0.5 milliliters of the supernatant in the tube [2], then re-cap the tube [3]. After removing the supernatant from all tubes, wash the tissues twice more in the same manner [4].
3.3.1. Talent uncapping tubes on an ice tray. 
3.3.2. ECU: Talent aspirating the solution, leaving 0.5 mL behind
3.3.3. Talent capping the tube. 
3.3.4. Talent adding water to the tubes.

4. Tissue Weighing for Data Normalization
4.1. After the three OCT-removal washes, use the prepared shortened pipette tip to add 500 microliters of ice-cold PBS to the tube [1]. 
4.1.1. WIDE: Talent adding PBS to the tube.

4.2. Using the same tip, gently resuspend the pellet and transfer all of the resuspended tissue into a pre-labeled and pre-weighed 1.5-milliliter centrifuge tube [1]. Keep the tube on ice until all the tissue samples are transferred [2].
4.2.1. Talent resuspending and transferring the tissue.
4.2.2. Talent placing the tube on ice.

4.3. Pellet the tissues by centrifuging the tubes in a pre-chilled centrifuge [1], then carefully aspirate as much of the PBS as possible without disturbing the pellet [2] and place the tubes back on ice [3].
4.3.1. Talent placing the tubes in the centrifuge. TEXT: 7,000 x g, 5-7 min, 4 °C 
4.3.2. ECU: Talent aspirating the PBS without disturbing the pellet.
4.3.3. Talent placing the tubes on ice.

4.4. Using the tissue-drying wicks prepared earlier, gently remove any remaining wash solution [1], then close the tube and place it on ice [2].
4.4.1. ECU: Talent using a wick to remove wash solution. TEXT: Use a new wick for each sample
4.4.2. Talent closing tube and placing it on ice.

4.5. To weigh the tubes, place one tube at a time in a recently calibrated, tared, and zeroed analytical balance [1] and close the chamber door [2]. Once the weight has stabilized [3], record it in an electronic spreadsheet [4].
4.5.1. Talent placing a tube in the balance.
4.5.2. Talent closing chamber door. 
4.5.3. Shot of weight stabilizing.
4.5.4. Talent recording the weight.

4.6. After weighing, place the tube back on ice [1] and add 300 microliters of ice-cold PBS [2]. Using a shortened pipette tip, carefully transfer all tissue into 2 milliliters of ice-cold methanol in a pre-labeled screw-top glass tube [3-TXT].
4.6.1. Talent placing the tube on ice.
4.6.2. Talent adding PBS.
4.6.3. ECU: Talent transferring tissue into the methanol in the screw-top glass tube. TEXT: Store tubes at -80 °C until lipid extraction 

5. Lipid Extraction
5.1. Before lipid extraction, allow the tissues and mass spectrometry internal lipid standards to equilibrate to room temperature for 20 minutes [1-TXT]. Then, vortex [2] and immerse the internal standard solutions in an ultrasonic water bath until the lipid standards have fully dissolved [3].
5.1.1. [bookmark: _Hlk69484850]WIDE: Talent setting a timer for 20 mins, tissue samples, MS lipid standards, incubating in view. TEXT: See text for MS lipid standards preparation
5.1.2. Talent vortexing the standards.
5.1.3. Talent immersing the standards in an ultrasonic water bath.

5.2. Using a repeating pipette, add 250 picomoles of the internal mass spectrometry standards to each tube [1] and lightly re-cap the tubes [2].
5.2.1. Talent adding internal mass spectrometry standards to each tube.
5.2.2. Talent re-capping the tubes.

5.3. To facilitate homogenization, adjust the volume of methanol to 2 milliliters [1]. Then, triturate the tissue using a homogenizer by moving the homogenizer tip in a circular motion gently pressed against the tube wall [2]. When clumps are no longer visible, re-cap the tube [3].
5.3.1. Talent adding methanol to the tubes.
5.3.2. ECU: Talent homogenizing the tissue, moving the tip in a circular motion pressed against the wall.
5.3.3. Talent re-capping the tube.

5.4. Immerse the tube at a 45-degree angle in an ultrasonic water bath for 5 to 10 seconds [1-TXT]. Then, under a fume-hood, add chloroform [2] and methanol to each tube to achieve a methanol to chloroform to water ratio of 2 to 1 to 0.1 [3-TXT]. Seal the tubes tightly [4] and leave them on the benchtop until the end of the day [5].
5.4.1. Talent immersing tube in an ultrasonic water bath at a 45° angle. TEXT: If clumps form, repeat homogenization and ultrasonication
5.4.2.  Talent adding chloroform.
5.4.3. Talent adding methanol. TEXT: See text for details on total extraction volume 
5.4.4. Talent sealing tubes.
5.4.5. Shot of tubes left on the bench.

5.5. Before leaving that evening, place the tightly capped tubes in a 48-degree Celsius water bath for an overnight incubation [1]. 
5.5.1. Talent placing tubes in a water bath.

5.6. On the following day, pellet any solvent-insoluble debris by centrifugation [1-TXT]. Then, in a fume-hood, carefully decant the supernatant into pre-labeled 13 x 100-millimeter borosilicate glass test tubes tilted at a 30 to 45-degree angle to facilitate the decanting [2]. 
5.6.1. Talent placing the tubes in a centrifuge. TEXT: 4,000–5,000 x g, 4 °C, 20 min
5.6.2. Talent decanting the supernatant.

5.7. After decanting the supernatant from all tubes, use a vacuum concentrator at maximum vacuum with an initial 1-hour heating step at 40 degrees Celsius to evaporate all solvent [1]. Then, add 500 microliters of methanol to each tube [2].
5.7.1. Talent placing the tubes in the vacuum concentrator.
5.7.2. Talent adding methanol to each tube.

5.8. To resuspend the dried lipid extracts, vortex the tube for 5 to 10 seconds [1], then immerse the tube in an ultrasonic water bath at a 45-degree angle with rotation for 2 minutes [2]. Re-vortex the tube for 5 seconds [3] and re-immerse in the ultrasonic water bath for an additional minute [4].
5.8.1. Talent vortexing the tube. Videographer: Obtain multiple usable takes because this will be reused in 5.8.3.
5.8.2. Talent immersing the tube in the ultrasonic water bath. Videographer: Obtain multiple usable takes because this will be reused in 5.8.4.
5.8.3. Use 5.8.1. Talent vortexing the tube
5.8.4. Use 5.8.2. Talent immersing the tube in the ultrasonic water bath

5.9. Remove any insoluble debris by centrifugation [1-TXT], then decant the supernatant into a pre-labeled autoinjector vial tilted at a 30 to 45-degree angle to facilitate the decanting [2]. Cap the vials tightly before storing them at minus 80 degrees Celsius until analysis [3].
5.9.1. Talent placing the tubes in a centrifuge. TEXT: 4,000–5,000 x g, 4 °C, 20–30 min in a pre-chilled centrifuge
5.9.2. Talent decanting the supernatant into an autoinjector vial.
5.9.3. Talent capping the vials.



Results
6. Results: Liquid Chromatography Electrospray Ionization Tandem Mass Spectrometry (LC–ESI–MS/MS) Analysis of Tissues Following OCT Removal
6.1. Liquid chromatography electrospray ionization tandem mass spectrometry analysis following OCT removal [1] confirms that various chain-length species of ceramides [2] and monohexosyl-ceramides [3] are significantly elevated in human lung adenocarcinoma tumors [4] compared to normal adjacent uninvolved tissues [5]. 
6.1.1. LAB MEDIA: Figure 1A, 1B. Video Editor: Include the legend showing the color coding for the normal (grey) and tumor tissues (black)
6.1.2. [bookmark: _Hlk68693034][bookmark: _Hlk68098449]LAB MEDIA: Figure 1A, 1B. Video Editor: Emphasize C24:1 and C24:0 on the x-axis in Figure 1A
6.1.3. LAB MEDIA: Figure 1A, 1B. Video Editor: Emphasize C16:0, C24:1, and C24:0 on the x-axis in Figure 1B
6.1.4. LAB MEDIA: Figure 1A, 1B. Video Editor: Emphasize the black boxes that are significantly different (marked with *** and ****) in Figure 1A and 1B.
6.1.5. LAB MEDIA: Figure 1A, 1B. Video Editor: Emphasize the grey boxes that are significantly different (marked with *** and ****) in Figure 1A and 1B.

6.2. Sphingolipid standards elute sequentially [1] in the following order, d17:1 (D-seventeen-one) sphingosine [2], d17:1 sphingosine-1-phosphate [3], C12:0 (C-twelve) lactosyl-ceramide [4], C12:0 monohexosyl-ceramide [5], C12:0 sphingomyelin [6], and C12:0 ceramide [7]. 	Comment by Shehnaz Lokhandwala: Authors: Please check that the pronunciation guides (red italic text) for d17:1 and C12:0 are correct.

6.2.1. LAB MEDIA: Figure 4.  Video Editor: Begin with only upper half of the figure (A,B,C) and scroll down as necessary for emphasizing the D,E, and F sequentially in the later shots (6.2.5 onwards)
6.2.2. LAB MEDIA: Figure 4. Video Editor: Emphasize peak and time of elution (2.37) in Figure 4A 
6.2.3. LAB MEDIA: Figure 4. Video Editor: Emphasize peak and time of elution (2.52) in Figure 4B 
6.2.4. LAB MEDIA: Figure 4. Video Editor: Emphasize peak and time of elution (3.83) in Figure 4C
6.2.5. LAB MEDIA: Figure 4. Video Editor: Emphasize peak and time of elution (3.88) in Figure 4D
6.2.6. LAB MEDIA: Figure 4. Video Editor: Emphasize peak and time of elution (3.90) in Figure 4E
6.2.7. LAB MEDIA: Figure 4. Video Editor: Emphasize peak and time of elution (4.00) in Figure 4F

6.3. For each of these sphingolipid species, using the gradient and instrumentation settings in the text [1], there is an approximate positive-0.15-minute shift in the retention time for every 2-carbon increase in chain length [2].
6.3.1. LAB MEDIA: Figure 5A, 5B, 5C.
6.3.2. LAB MEDIA: Figure 5A, 5B, 5C. Video Editor: Emphasize peaks, times (4.00, 4.15, 4.30) and chain-length (C12:0, C14:0, and C16:0) in 5A, 5B and 5C in succession

6.4. However, longer chain-length lipids, such as C24:0 (C-twenty-four) [1] and C26:0 (C-twenty-six) [2], may have larger retention time shifts [3]. 	Comment by Shehnaz Lokhandwala: Authors: Please check that the pronunciation guides (red italic text) for C18:1, C16:0, C24:0 and C26:0 are correct.
6.4.1. LAB MEDIA: Figure 5I, 5K. Video Editor: Emphasize Figure 5I
6.4.2. LAB MEDIA: Figure 5I, 5K. Video Editor: Emphasize Figure 5K
6.4.3. LAB MEDIA: Figure 5I, 5K. Video Editor: Emphasize peaks and times (4.99, 5.18) in 5C and 5D simultaneously

6.5. Furthermore, a double bond in the fatty acid often results in a negative-0.15-minute shift in retention time [1], thus C18:1 (C-eighteen-one)-ceramide will have a retention time [2] similar to C16:0 (C-sixteen)-ceramide [3]. 
6.5.1. LAB MEDIA: Figure 5C, 5D. 
6.5.2. LAB MEDIA: Figure 5C, 5D. Video Editor: Emphasize peak, retention time (4.32) and chain-length (C18:1) in 5D 
6.5.3. LAB MEDIA: Figure 5C, 5D. Video Editor: Emphasize peak, retention time (4.30) and chain-length (C16:0) in 5C 






Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Rather than relying almost exclusively on freshly collected tissues, this protocol expands the tissue sources that can be used for mass spectrometry analysis to include those cryogenically stored at biorepositories.
7.1.1. 4.2.1, 4.2.2
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