Submission ID #: 57293
Editor Name: Michael Linnes
Videographer name: David Allen
Film Date: March 26, 2018
Link: http://www.jove.com/files_upload.php?src=17474413

Authors and Affiliations: Kotaro Hama, Yuko Fujiwara, Kazuaki Yokoyama

Faculty of Pharmaceutical Sciences, Teikyo University

Title: Quantitative and Qualitative Method for Sphingomyelin by LC-MS Using Two Stable Isotopically Labeled Sphingomyelin Species

Corresponding Author: 
Kotaro Hama		
khama@pharm.teikyo-u.ac.jp
Tel: 81-3-3964-8197

Co-authors:
Yuko Fujiwara	(yfujiwar@pharm.teikyo-u.ac.jp)
Kazuaki Yokoyama	(yokoyama@pharm.teikyo-u.ac.jp)
 
Questionnaire:
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N___   
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.   step 2.8, 2.10, 3.1______________ 
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.  ______________________ 
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. Experimental Goal: (read by voice talent at JoVE) 

The overall goal of this procedure is to precisely analyze the amount and the structure of each sphingomyelin species in biological samples. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile 
1.1. Kotaro Hama: This method can help answer key questions in the lipid field pertaining to lipid biology and lipid metabolome. 
1.2. Kotaro Hama: The main advantage of this technique is that we can characterize a variety of sphingomyeline species in biological samples by liquid chromatography-mass spectrometry system.  

Protocol: (read by voice talent at JoVE) 
 
2. Preparation of Lipid Samples 
2.1. To begin, remove the culture media from a 10 cm tissue culture dish containing HeLa cells and rinse the cells twice with 6 mL of ice cold PBS. [1-MED Over the Shoulder]
2.1.1. Talent performs the above step in the tissue culture hood
2.2. Then, add 1 mL of the ice-cold PBS into the 10 cm tissue culture dish and use a cell scraper to harvest the cells. [1-CU] Once removed from the dish’s surface, transfer the cells into 2 mL siliconized plastic tubes. [2-MED Over the Shoulder]
2.2.1. *Film as written
2.2.2. *Film as written
2.3. Following centrifugation, remove the supernatant and add 1 mL of methanol to each cell pellet. [1-CU-TXT] Then, briefly vortex the tubes. [2-MED]
2.3.1. Talent carefully removes the supernatant and adds methanol to the cell pellet. (TEXT: Centrifuge: 1,000 × g, 5 min, 4°C)
2.3.2. Talent vortexes the tube.
2.4. Next, place the samples into a bath-type sonicator and sonicate at 200 W for 5 minutes. [1-MED] When finished, transfer the whole cell homogenate into test tubes equipped with Teflon-lined screw caps. [2-MED-TXT]
2.4.1. *Film as written
2.4.2. *Film as written (TEXT: Test Tubes: 13 mm x 100 mm) 
2.5. Now, add 1 mL of methanol, 1 mL of chloroform, 0.8 mL of double distilled water, and 50 µL of 10 µmol/L of an internal standard into each test tube. [1-CU-TXT]
2.5.1. Talent adds the above items in the order listed. (TEXT: Internal Standard: d18:1/(D31)-16:0 SM)
2.6. Cap the tubes and vortex them vigorously at 2,500 rpm for 5 minutes at room temperature. [1-MED] Then, add an additional 1 mL of chloroform and 1.0 mL of double distilled water to each tube.[2-CU]
2.6.1. Talent caps and vortexes the tubes as described
2.6.2. Talent adds solutions to tube in the order listed
2.7. Again, vortex the tubes vigorously at 2,500 rpm for 5 minutes at room temperature. [1-CU]
2.7.1. *Film as written
2.8. Next, centrifuge the samples in order to completely separate the aqueous and organic phases.. [1-MED-TXT]  Transfer the lower phase into disposable glass tubes. [2-CU]
2.8.1. Talent places tubes into centrifuge, closes lid, and begins spin. (TEXT: 2,150 × g, 5 min, 25 °C)
2.8.2. *Film as written
2.9. Add 2 mL of chloroform into the test tubes…[1-CU] Then, vortex the tubes vigorously at 2,500 rpm for 5 min at room temperature to sufficiently mix with the upper phase and interfacial fluff.[2-CU]
2.9.1. Talent adds chloroform to the test tubes
2.9.2. Talent vortexes the tubes
2.10. Following a second centrifugation, transfer the modified lower phase into the disposable glass tubes along with the initial lower phase.[1-CU]
2.10.1. Talent transfers the lower phase into the disposable glass tubes along with the initial lower phase
2.11. Now, place the glass tubes under a nitrogen stream for approximately 60 minutes [1-MED] and completely remove the organic solvents in the collected lower phase.[2-CU]
2.11.1. Talent places tube under a nitrogen stream
2.11.2. Closeup showing removal of solvents in lower phase.
2.12. Finally, reconstitute the samples with 500 µL of methanol or ethanol. [1-CU] Filter the resulting mixture with a 0.02 µm filter into glass vials. [2-CU] Then, store the sample at -20°C.[3-MED]
2.12.1. *Film as written
2.12.2. *Film as written
2.12.3. *Film as written
3. Sample Preparation for Calibration Curve and Method Validation 
3.1. Perform serial dilutions of the standard compound and add 50 µL of each concentration into separate test tubes. [1-MED Over the Shoulder-TXT]
3.1.1. Talent adds the various dilutions into separate test tubes (TEXT: Standard Compound: 0.1, 0.5, 1, 5, 10, or 50 µmol/L of d18:1/(D9)-18:1 SM)
3.2. Next, prepare three quality control samples by adding an amount within 3 times the lower boundary of the standard curve to the first sample… an amount near the center of the curve for the 2nd sample… and an amount near the upper boundary of the standard curve for the 3rd sample. [1-CU]
3.2.1. Talent adds the controls to the samples in the order listed, pausing briefly between each transfer.
3.3. Then, add the cell homogenate and 1 mL of methanol into each test tube and extract the total lipid fraction from each sample using the method just shown. [1-MED-TXT]
3.3.1. Talent adds the cell homogenate and methanol into the tubes. (TEXT: See accompanying text protocol for additional details) 
4. SM Analysis by LC-ESI-MS/MS
4.1. To begin, prepare the mobile phase. Mix together acetonitrile, methanol, and double distilled water at a 2:2:1 ratio for the aqueous phase. [1-MED] Use isopropanol for the organic phase in glass bottles with Teflon-lined screw caps. [2-MED]
4.1.1. Talent prepares the aqueous phase mixture
4.1.2. Talent labels glass bottle filled with isopropanol
4.2. Then sonicate both of the mobile phases for 5 minutes in a bath-type sonicator. [1-CU]
4.2.1. Talnet places bottles in sonicator and begins sonication
4.3. Then, add formic acid to a final concentration of 26.4 mmol/L and Ammonium Hydroxide at 14.9 mmol/L into each mobile phase. [1-MED]
4.3.1. *Film as written
4.4. For qualitative analysis, activate the high performance liquid chromatography system, put inlet tubes into the glass bottles that contain the mobile phases, and purge the HPLC lines.  [1-MED]
4.4.1. *Film as written
4.5. Then, link a C18 HPLC column to the HPLC system, keep the temperature in the column oven at 50°C, and condition the column with the aqueous mobile phase at 100 µL/min. [1-MED-TXT]
4.5.1. Talent works at HPLC to complete the above step. (TEXT: C18 HPLC column: 1.5 mm i.d. × 100 mm length, particle size 3.0 µm) 
4.6. During the run, place the samples into a sample rack of the autosampler. [1-CU]
4.6.1. *Film as written
4.7. Set the parameters of the triple quadrupole and quadrupole linear ion trap mass spectrometry system for three stage mass spectrometry analysis as listed in Table 1 and Table 2 of the accompanying text protocol. [1-SCREEN]
4.7.1. Screen capture video as talent performs the above step in the order listed. Authors: Please submit the screen capture video as 57293_Hama_4_7_1.mov/mp4 to your upload link.
4.8. Also, set the parameters for the first and second precursor ions of the SM species of interest as described in more detail in the accompanying text protocol. [1-SCREEN]
4.8.1. Screen capture video as talent performs the above step in the order listed. Authors: Please submit the screen capture video as 57293_Hama_4_8_1.mov/mp4 to your upload link.  
5. Batch File Creation and Assigning the MS Three Product Ion Spectra of Sphingomyelin  
5.1. Create a batch file and submit the batch file to obtain the data of MS three product ion spectra of each sphingomyelin species by liquid chromatography electrospray ionization tandem mass spectrometric analysis. [1-SCREEN]
5.1.1. Screen capture video as talent performs the above step in the order listed. Authors: Please submit the screen capture video as 57293_Hama_5_1_1.mov/mp4 to your upload link.  
5.2. Obtain the three phase MS product ion spectra of the sphingomyelin species of interest by liquid chromatography-electrospray Ionization-tandem mass spectrometry analysis. [1-SCREEN]
5.2.1. Screen capture video as talent displays the product ion spectra described. Authors: Please submit the screen capture video as 57293_Hama_5_2_1.mov/mp4 to your upload link.  
5.3. Then, assign each MS three product ion spectra of the sphingomyelin by comparing the mass to charge ratio of the product ion spectra and the exact mass of the sphingoid long chain base and N-acyl moiety of interest. [1-SCREEN]
5.3.1. Screen capture video as talent performs the above step in the order listed. Authors: Please submit the screen capture video as 57293_Hama_5_3_1.mov/mp4 to your upload link.  
6. Quantitative analysis of SM by LC-ESI-MS/MS 
6.1. Quantitatively analyze the sphingomyelin using liquid chromatography-electrospray Ionization-tandem mass spectrometry analysis as described in the accompanying text protocol. [1-SCREEN]
6.1.1. Screen capture video as talent performs the above step in the order listed. Authors: Please submit the screen capture video as 57293_Hama_6_1_1.mov/mp4 to your upload link. 
6.2. Then, process the multiple reaction monitoring data using the software for data integration to obtain the data of the peak area for the extracted ion chromatogram of each sphingomyelin species. [1-SCREEN]
6.2.1. Screen capture video as talent performs the above step in the order listed. Authors: Please submit the screen capture video as 57293_Hama_6_2_1.mov/mp4 to your upload link. 
6.3. Quantify each sphingomyelin species and construct the standard curves as described in the accompanying text protocol. [1-SCREEN]
6.3.1. Screen capture video as talent performs the above step in the order listed. Authors: Please submit the screen capture video as 57293_Hama_6_3_1.mov/mp4 to your upload link.
7. Results: Validating the Quantitative and Qualitative Method for Sphingomyelin 
7.1. [bookmark: _GoBack]The spectrum of both chemically synthesized sphingomyelin and sphingomyelin in lipid samples extracted from HeLa cells are shown here. Of note, the spectrum intensity of demethylated-sphingosylphosphorylcholine is larger than that of the SM N-acyl moiety in both samples.[1-LM]
7.1.1. SM_Method_JoVE_Fig1_180220 (Figure 1a/b only) (Video Editor: Label Figure 1a “Chemically Synthesized SM” and Figure 1b “HeLa Extracted SM”.  With the words “demethylated-sphingosylphosphorylcholine is larger than that of” highlight the m/z = 449 peak in both charts and then highlight m/z = 378 with the words “the sphingomyelin N-acyl moiety”) 
7.2. Also of interest, the spectrum corresponding to sphingosine-1-phosphate is useful to speculate the number of carbon and double bonds of the sphingoid long chain base of the sphingomyelin.[1-LM]
7.2.1. SM_Method_JoVE_Fig1_180220 (Figure 1a/b only) (Video Editor: Label Figure 1a “Chemically Synthesized SM” and Figure 1b “HeLa Extracted SM”.  Highlight the m/z = 378 peaks again with this statement.)
7.3. In the present quantitative method, it is critical to precisely prepare samples for constructing the calibration curve and validating this method.[1-LM] The curve fitting at low concentration was clearly improved by using the weighting factor = 1/x2 as compared with that using the weighting factor of 1 or 1/x.[2-LM]
7.3.1. SM_Method_JoVE_FIg2_171123.pdf (Figure 2a only)
7.3.2. SM_Method_JoVE_FIg2_171123.pdf (Figure 2b only) (Video Editor: Highlight the black circle data points with mention of “1/x2“, the “x”s with mention of “factor of 1”, and the open circle with mention of 1/x.)
 
8. Conclusion (said by authors on camera) 

8.1. Kotaro Hama: This technique paved the way for researchers in the field of biology and industry to characterize a variety of SM species in biological samples and industrial products such as cosmetics.
8.2. Kotaro Hama: After watching this video, you should have a good understanding of how to precisely analyze the amount and the structure of each sphingomyelin species in biological samples.
8.3. Author Name: Don't forget that working with organic solvents can be extremely hazardous and precautions such as using proper glasswares should always be taken while performing this procedure. In addition, it is preferable to ware gloves to prevent the contamination of lipids derived from your hands. 
   

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.


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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