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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 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____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_3.1-3.1.3, 3.2-3.5, 4.1-4.10, 5.5, 5.6-5.1___
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The liquid-liquid extraction aspect of the procedure is critical because this will affect all further sample preparation and results. Precision in pipetting during this step ensures the reproducibility of results which is important since the results obtained are semi-quantitative.


1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:

Video editor: graphics are in ‘JoVE Graphic for Video Procedure.ai’

The overall goal of this procedure is to demonstrate an effective means of fractionating metabolites in complex biological fluids in order to obtain simplified samples for improved coverage of the metabolome. (Intro)

This is accomplished by first spiking each sample with internal standards to monitor the reproducibility of sample preparation and instrument conditions. (Video editor: animate the pipette transferring standards from the little tube to the big tube) (P1)

The second step is to add ice cold methanol to each sample to precipitate the proteins which may otherwise interfere with subsequent chromatography and analysis by mass spectrometry. [Video editor: show methanol being added (leftmost carton), then add photo of centrifuge followed by the big tube with the yellow liquid and gray pellet. After that show the yellow liquid being transferred to a new tube leaving the pellet behind] (P2)

Next, the liquid-liquid extraction step (Video editor: show the MTBE and Water being added to the tube) separates the hydrophilic from the hydrophobic metabolites. (Video editor: show the tube with the two layers of content) (P3)

The final step is solid-phase extraction to further fractionate the lipid metabolites into phospholipids, fatty acids, and neutral lipids. (Video editor: animate pipette transferring the brown liquid from the tube to each of the columns, and then show the brown in the columns changing to orange and the blue liquid being collected in the tubes) (P4)

Ultimately, this combined multi-step method is used to show effective separation, excellent reproducibility, and improved coverage of the plasma metabolome. (P5) (Video editor: show Figure 1_updated.pdf) 


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Roger_Powell: The main advantage of this technique over existing methods, such as a simple methanol extraction, is that we obtain improved metabolite coverage, especially of lipids, which is important when performing metabolomics profiling studies or when lipids are of particular interest.   



Protocol (read by voice talent at JoVE):

2. Protein Precipitation

2.1. Prior to protein precipitation, prepare the samples: first thaw samples to room temperature. 

Shots:
2.1.1. WIDE/MED: Talent taking 2 samples out from -80 oC freezer and putting them at RT to thaw.

2.2. Next spike the samples with internal standards (ISTD) that were prepared beforehand. (TEXT: Procedures for preparation of instruments and standards are in the accompanying manuscript) All standard concentrations have been adjusted as necessary based on the sensitivity of the MS and HPLC instrumentation used for analysis.

Shots:
2.2.1. MED:  talent setting out prepared standard solutions.

2.3. Spike each sample with 10 µl each of hydrophilic and hydrophobic standard solutions. 

Shots:
2.3.1. CU: Talent adding 10 µl of hydrophilic ISTD and 10 µl of hydrophobic ISTD to one of the samples.

2.4. Spike each sample with 10 µl of either 1x, 2x, or 4x positive control solution.

Shots:
2.4.1. MED: Talent adding a positive control solution to a sample.

2.5. After all samples have been spiked with internal standards and positive control solutions, vortex each sample for 10 seconds.

Shots:
2.5.1. MED: Talent vortexing the spiked samples.

2.6. To begin protein precipitation, add 400 µl of ice cold methanol to each sample. Vortex for 10 seconds per tube.

Shots:
2.6.1. CU: 400 µl of ice cold methanol being added to each sample.
2.6.2. CU: Multiple takes from different angles of a sample being vortexed for 10 seconds. Shot will be repeated later. Videographer: please also capture how the content of the tube looks after the vortexing is done.  Video editor: Figure 5B can be shown here instead if the after-vortexing shot does not show the sample clearly enough.

2.7. Centrifuge at 0 oC for 15 minutes at 18,000 x g. (TEXT: 0 oC; 15 min; 18,000 x g) A protein pellet should form on the bottom of the tube after centrifugation.

Shots:
2.7.1. MED: Multiple takes from different angles of talent putting two microcentrifuge tubes into the centrifuge and starting the spin.  Shot will be repeated many times later.
2.7.2. LAB  MEDIA: panel C only from ‘Figure 5.pdf’

2.8. Transfer all the supernatant to a new glass culture tube, and then dry under nitrogen. This dried residue will undergo liquid-liquid extraction later. 

Shots:
2.8.0   Added shot of procedure
2.8.1. MED: Talent transferring supernatant from one centrifuge tube to a glass culture tube.
2.8.2. MED: Multiple takes from different angles of talent drying samples under nitrogen.  Shot will be repeated later.
2.8.3. LAB MEDIA: panel B only from ‘Figure 6.pdf’ (Video editor: show this photo when voiceover is saying the second line)

2.9. For analysis of the protein pellet fraction, add 1 ml of methyl tert-butyl ether, or MTBE, to the white or off-white protein pellet, vortex for 30 seconds per tube, and centrifuge at 0 oC for 15 minutes at 18,000 x g. (TEXT: 0 oC; 15 min; 18,000 x g) Decant the MTBE layer to a new glass culture tube.

Shots: 
2.9.1. CU: 1 ml MTBE being added to one of the protein pellets and tube is vortexed.
2.9.2. Use shot from 2.7.1. Use shot 2.9.1.1; concern about showing the safety of working in the hood
2.9.3. CU: MTBE layer being decanted to a new glass culture tube.
2.9.4. Talent – interview style to camera: “Since the size of the pellet will vary among samples, it is important to consistently aspirate the same amount of MTBE for all samples. For example, if only 900 µl can be decanted for the sample with the least amount of supernatant, then decant 900 µl for all samples.”

2.10. Add another 1 ml of MTBE to the protein pellet, vortex for 30 seconds, and then centrifuge at 0 oC for 15 minutes at 18,000 x g, as before. Aspirate the MTBE layer and add to the glass culture tubes prepared earlier.

Shots:
2.10.1. MED: Talent adding 1 ml of MTBE to the protein pellet and then vortexing the tube.
2.10.2. Use shot from 2.7.1. Use shot 2.10.1.1; concern about the safety of the hood
2.10.3. CU: MTBE layer being aspirated and added to glass tube (from 2.9)

2.11. Dry the samples by nitrogen flow and re-suspend in 200 µl of 1:1 chloroform:methanol.

Shots:
2.11.1. Use shot from 2.8.2.
2.11.2. CU: Sample being resuspended in chloroform:methanol.

2.12. Transfer each sample to a centrifuge tube and centrifuge at 0 oC for 15 minutes at 18,000 x g. After that, use glass pipettes to transfer the supernatant to autosampler screw-cap vials.

Shots:
2.12.1. CU: Sample being transferred to a centrifuge tube.
2.12.2. Use shot from 2.7.1.
2.12.3. MED: Talent using a glass pipette to transfer the supernatant to an autosampler screw-cap vial.

3. Liquid-Liquid Extraction

3.1. To begin this procedure, use a glass pipette to add 3 ml of MTBE to the dried methanol residue prepared earlier and vortex for 30 seconds. After that add 750 µl of water to each tube and vortex for 10 seconds.

Shots:
3.1.1. MED: Talent using a glass pipette to add 3 ml of MTBE to the dried methanol residue (from 2.8) and then vortexing it.
3.1.2. LAB MEDIA: panel C from Figure 6.pdf
3.1.3. MED: Talent adding water to each tube and then vortexing the tube.
3.1.4. LAB MEDIA: panel D from Figure 6.pdf

3.2. Centrifuge at ~200 x g for 10 minutes at room temperature. (TEXT: 200 x g; 10 min) 

Shots:
3.2.1. MED: Multiple takes from different angles of talent putting the glass tubes into the centrifuge. Shot will be repeated later. 

3.3. Two distinct layers are visible after centrifugation. Carefully aspirate 2.5 ml of the top MTBE layer, without pipetting the aqueous layer below, and transfer to a clean glass culture tube.

Shots:
3.3.1. LAB MEDIA: panel E from Figure 6.pdf
3.3.2. CU/ECU: 2.5 ml of the top MTBE layer being carefully aspirated with pipette without pipetting the aqueous layer below.
3.3.3. [combined with 3.3.2] CU: MTBE layer being transferred to a clean glass culture tube.

3.4. Add 3 ml of MTBE to the remaining water part of each sample, and vortex 10 seconds per tube.

Shots:
3.4.1. MED: Talent adding 3 ml MTBE to the remaining water part of a sample and vortexing it.

3.5. Centrifuge at ~200 x g for 10 minutes at room temperature. (TEXT: 200 x g; 10 min)

Shots:
3.5.1. Use shot from 3.2.1.

3.6. Aspirate 3 ml of MTBE, without getting water, and combine with the previous MTBE tube. This MTBE fraction will undergo solid-phase extraction later.

Shots:
3.6.1. CU/ECU: 3 ml of MTBE being aspirated without getting water.
3.6.2. CU: MTBE being added to the tubes with MTBE from step 3.3. 

3.7. Concentrate the remaining aqueous layer by drying under nitrogen.

Shots:
3.7.1. MED: Talent drying the samples under nitrogen.

3.8. Resuspend the residue in 100 µl of water, add 400 µl of ice cold methanol to each tube, vortex, and then transfer to a microcentrifuge tube.

Shots:
3.8.1. CU: 100 µl of water being added to residue to resuspend it, and then 400 µl of ice cold MeOH is added.
3.8.2. Use shot from 2.6.2. (Video editor: just show the vortexing; don’t include how contents look after vortexing)
3.8.3. CU: Resuspended residue being transferred to a microcentrifuge tube.

3.9. Leave at -80 oC for 20-30 minutes to allow any remaining protein to precipitate out in the methanol.

Shots:
3.9.1. MED: Multiple takes from different angles of talent putting the microcentrifuge tubes into the -80 oC freezer.  Shot will be repeated later.

3.10. Next centrifuge at 0 oC for 15 minutes at 18,000 x g. (TEXT: 0 oC for 15 minutes at 18,000 x g) There should be a precipitate along the side of the tube after centrifugation.  Aspirate 450 µl of supernatant without aspirating the precipitate, and transfer to a clean microcentrifuge tube.

Shots:
3.10.1. Use shot from 2.7.1.
3.10.2. ECU: A shot of a tube after centrifugation to show the precipitate along the side of the tube.
3.10.3. ECU: Supernatant being aspirated at an angle to avoid aspirating the pellet.
3.10.4. CU: Supernatant being transferred to a clean microcentrifuge tube.

3.11. Dry completely in a vacuum centrifugal concentrator at no more than 45 oC for about 1-2 hours. (TEXT: 45 oC; 1-2 hours)

Shots:
3.11.1. MED: Multiple takes from different angles of talent drying the samples in a vacuum centrifugal concentrator. Shot will be repeated later.

3.12. Resuspend the dried supernatant in 200 µl of 5% acetonitrile/water and vortex briefly.  Transfer samples into autosampler vials and freeze at -80 oC. 

Shots:
3.12.1. CU: 200 µl of 5% acetonitrile/water being added to tube and tube is vortexed. 
3.12.2. CU: A sample being pipetted into autosampler vial.
3.12.3. Use shot from 3.9.1. 

4. Solid-phase extraction

4.1. To begin the procedure for solid-phase extraction, dry the MTBE fraction obtained previously under a good flow of nitrogen at 35 oC for 10-15 minutes. (TEXT: 35 oC; 10-15 min)

Shots:
4.1.1. MED: Talent drying the MBTE fractions (from 3.6.) under nitrogen flow.

4.2. When the MTBE fractions are completely dry, stop the flow of nitrogen and quickly re-suspend each sample in 1 ml of chloroform using a glass pipette. Vortex briefly.

Shots:
4.2.1. MED: Talent stopping the nitrogen flow and then resuspending a sample in 1 ml chloroform.
4.2.2. CU: Sample being vortexed.

4.3. Wash and condition the solid-phase extraction, or SPE, cartridge twice with 400 µl of hexane.  Discard the waste and replace with a new glass collection tube.

Shots:
4.3.1. CU: 400 µl hexane being added to SPE cartridge.
4.3.2. MED: Waste being discarded and a new glass collection tube put in place.

4.4. Add the sample to the SPE column, apply vacuum and collect the flow through. 

Shots:
4.4.1. CU: Sample being added to SPE column, vacuum turned on, and flow through is collected.

4.5. With a glass pipette, add 1 ml of 2:1 Chloroform: isopropyl alcohol to the SPE column, and collect the flow-through in the same glass tubes. This is the Neutral Fraction.

Shots:
4.5.1. MED: Talent pipetting 1 ml of 2:1 Chloroform: isopropyl alcohol onto SPE column and collecting flow through,
4.5.2. CU: A shot of the collected flow through.

4.6. Dry the Neutral fraction under nitrogen for 10-15 minutes to minimize oxidation. 

Shots:
4.6.1. MED: Multiple takes from different angles of talent drying the Neutral fraction under nitrogen. Shot will be repeated later.

4.7. With a glass pipette, add 1 ml of 5% acetic acid in diethyl ether to the SPE column, and collect the flow-through. This is the Fatty Acid Fraction.

Shots:
4.7.1. MED: Talent adding 1 ml of 5% acetic acid in diethyl ether to the SPE column and collecting flow through
4.7.2. [combined with 4.7.1] CU: A shot of the collected flow through.

4.8. Dry the fatty acid fraction under nitrogen for 10-15 minutes to minimize oxidation.

Shots:
4.8.1. Use shot from 4.6.1.

4.9. Using plastic tips, add 800 µl of methanol to the SPE cartridge, and collect the flow-through in 15-ml plastic conical tubes. This is the Phospholipid Fraction.

Shots:
4.9.1. MED: 800 µl of methanol being added to the SPE cartridge and flow through is collected.
4.9.2. CU: A shot of the flow through.

4.10. Transfer the phospholipid fraction to 1.5-ml centrifuge tubes. Dry the samples with a vacuum centrifugal concentrator at 45 oC for about 1 to 1.5 hours.  (TEXT: 45 oC; 1-1.5 h)

Shots:
4.10.1. MED: Talent transferring the phospholipid fraction to 1.5-ml centrifuge tubes.
4.10.2. Use shot from 3.11.1.

4.11. Lastly resuspend each of the samples from the three fractions in 200 µl of 100% methanol, transfer to autosampler vials, and store in the -80 oC freezer. 

Shots:
4.11.1. CU: 100% methanol being added to each sample and sample is resuspended.
4.11.2. CU: Samples being transferred to autosampler vials.
4.11.3. MED: Talent putting autosampler vials into the -80 oC freezer. Re-use one of 3.9.1 multiple takes

5. Results: metabolites are effectively extracted from biological fluids by this protocol

5.1. (Figure 1) The effectiveness of the MTBE-SPE method in extracting both lipid standards (Video editor: show panel A) and endogenous metabolites (Video editor: show panel B) is demonstrated. Overall, better extraction and coverage of the metabolites were obtained compared to other methods such as methanol extraction, or ‘MTBE only’ extraction, when the number of features was compared using qualitative and quantitative software following LC-MS analysis.

Shots:
5.1.1. LAB MEDIA: Figure 1_updated.pdf

5.2. (Figure 2) A comparison of MTBE-SPE fractions showed minimal overlap among the three fractions following SPE, which demonstrates the efficiency in separating the hydrophobic metabolites into their respective chemical classes for more confident metabolite identification. 

Shots:
5.2.1. LAB MEDIA: Figure 2.pdf

5.3. (Figure 3) In addition, the recovery of the internal standards in fractions using the MTBE-SPE method_ENREF_12 demonstrated that the internal standards were eluted in the fraction related to their chemical class.

Shots:
5.3.1. LAB MEDIA: Figure 3-updated.pdf

5.4. (Figure 7) To evaluate chromatographic reproducibility of the data, sample preparation was performed on three separate pooled plasma QC samples and each sample was injected in triplicate on the LC-MS instrument. The consistent overlap demonstrates instrument and sample preparation reproducibility. The increase in chemical noise observed for the negative ionization mode of the fatty acid fraction may be due to contaminants in the LC-MS solvents. (Video editor: draw attention to the ‘fatty acid fraction negative mode’ graph) Therefore only metabolites that eluted prior to 9 minutes were analyzed.

Shots:
5.4.1. LAB MEDIA: Figure 7 Chromatograms.pdf


6. Conclusion (said by authors on camera)
6.1. Roger Powell: Don't forget that working with chloroform, MTBE, diethyl ether, hexane, and even the more common reagents used in this method can be hazardous. Precautions should always be taken while performing this procedure, such as wearing a lab coat, gloves and eye protection and always performing sample preparation in a fume hood.




[bookmark: _GoBack]

Provided Media

1A. JoVE Graphic for Video Procedure.ai; Figure 1_updated.pdf
2.7. panel C only from Figure 5.pdf
2.8. panel B from ‘Figure 6.pdf’
3.1. panel C and panel D from ‘Figure 6.pdf’
3.3. panel E from ‘Figure 6.pdf’
5.1. Figure 1_updated.pdf
5.2. Figure 2.pdf
5.3. Figure 3_updated.pdf
5.4. Figure 7 Chromatograms.pdf


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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