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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
Can you record movies/images using your own microscope camera? (Y/N) N/A
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.

2. Does your protocol include software usage? (Y/N) Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. 
We will have screen capture for Data analysis – LIQUID (for identifications) and Lipid Mini-On (for enrichment analysis and pattern recognition).  


3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.2
2.4
2,5
3.5
5.3
4. 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.)
2.5
6.1
what do you do to ensure success: follow the steps exactly as illustrated and look clearly for layer separation
5. Will the filming need to take place in multiple locations? (Y/N) Yes
If yes, how far apart are the locations? Different buildings on the same campus…maybe a quarter mile between the farthest labs. 



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.  Authors, the following statements were edited to meet the 30 word maximum for each statement and the 150 word maximum for this section.

1.1. Rosalie Chu: This protocol describes a methodological throughput for comprehensive unbiased molecular characterization, including metabolomics, proteomics, and lipidomics, of a single sample using both mass spectrometry and nuclear magnetic resonance spectroscopy platforms [1].

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

1.2. Rosalie Chu: The significance of this approach is that we can characterize a biological-system downstream of the genome through identifying different types of molecules, allowing us to infer metabolic and decomposition pathways [1].

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

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

1.3. Dave Hoyt: The sequential extraction technique allows extraction of bio-available polar-compounds using water, followed by MPLEx to capture any additional polar-compounds  or metabolites, as well as proteins and lipids, from a single sample  [1].

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

1.4. Heather Brewer: Visual demonstration of this method is critical because it guides the scientist through separating the three layers during the second extraction step and splitting the extracts between different analysis instruments [1].

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

1.5. Jennifer Kyle: Integrative multi-omics analyses empower more effective investigation and complete understanding of complex biological systems.  This robust method extracts a wide diversity of molecules and is applicable to diverse sample types [1]. 

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Section - Protocol
2. [bookmark: _Hlk523469257]Sequential Extraction of Organic Matter from Soil, Sediments, or Peat
2.1. Begin this procedure with collection and preparation of the samples as described in the text protocol [1].  Using an ethanol-washed stainless-steel utensil, aliquot 50 mg of each of the dried samples into individual 2ml glass tube [2].
2.1.1. WIDE or MED: Talent retrieves the samples from storage.
2.1.2. CU: 2ml glass tube as talent aliquots 50 mg of each sample there. 
2.2. [bookmark: _Hlk525812314]Add 1 milliliter of distilled, degassed water to each sample [1].  Then, cap the vials and shake for 2 hours on a shaker table [2].
2.2.1. MED: Talent adds 1 mL of distilled, degassed water to each sample.
2.2.2. CU: Shaker table as the capped vials shake there. 
2.3. Centrifuge the samples at 15,000 x g for 30 minutes and then allow the solutions to stand at room temperature for 20 minutes [1].  Decant and save the supernatant from each sample [2].
2.3.1. MED: Talent places the sample into the centrifuge, shuts lid and starts run. 
2.3.2. CU: Tube as talent uncaps it and decants the supernatant into another container.
2.4. [bookmark: _Hlk525812925]Conduct a MPLEx (M-plex) extraction on the now water extracted residues by repeating these extraction steps, except to substitute a minus 20 degree Celsius, 4 to 3 chloroform to methanol mixture for the distilled, degassed water [1-TXT].
2.4.1. CU: Sample tubes as talent adds 1 mL of 2:1 chloroform:methanol from a labeled container.  TEXT: MPLEx = Metabolite, Protein, and Lipid EXtraction
2.5. Carefully separate the two resulting solvent layers, which will be visually distinguishable, through removing the top layer by careful pipetting [1-TXT].
2.5.1. ECU: Solvent layers/interface as talent uses a pipette to remove the top layer. TEXT: Alternatively, use a separation funnel 
2.6. Dry down the lower nonpolar layer in the freeze dryer [1].  As soon as it is dry, add 5 microliters of chloroform and 195 microliters of methanol if analyzing within the next couple of days [2-TXT].  
2.6.1. MED: Talent places the lower nonpolar layer in the freeze dryer.
2.6.2. CU: Dried sample as talent adds 5 microliters of chloroform and 195 microliters of methanol.  TEXT: To store at -20°C, add 2:1 Methanol:Chloroform 
3. FTICR-MS Analysis
3.1. To improve the electrospray ionization efficiency for Fourier transform ion cyclotron resonance mass spectrometry, abbreviated FTICR-MS, by direct injection, dilute both the chloroform extract 1 to 1 in methanol, and the water extract 2 to 1 in methanol [1].
3.1.1. MED: Talent dilutes the chloroform extract and water extract 2 to 1 in methanol.  Use labeled containers.
3.2. Calibrate the FTICR spectrometer by directly injecting 100 microliters of a tuning solution spanning a mass range of approximately 100 to 1300 Daltons into the FTICR-MS [1-TXT].
3.2.1. MED: Talent injects 100 microliters of a tuning solution into the FTICR-MS.  TEXT: See text for tuning solution
3.3. Direct inject 100 microliters of the Suwannee River Fulvic Acid standard to the electrospray ionization source, coupled to the FTICR spectrometer, through a syringe pump set to a flow rate of 3.0 microliters per minute [1-TXT].
3.3.1. CU: Syringe with standard as talent directly injects it through a syringe pump set to 3.0 microliters per minute.  TEXT: See text for Suwannee River Fulvic Acid standard
3.4. Set the needle voltage to positive 4.4 kiloVolts, Q1 to 100 mass to charge ratio, and the glass capillary at 180 degrees Celsius.  Inspect the resulting spectra using the analysis software to confirm the quality of the data [1].
3.4.1. SCREEN: Screen capture movie as talent sets the needle voltage to positive 4.4 kiloVolts, Q1 to 100 mass to charge ratio, and the glass capillary at 180 degrees Celsius.  Talent inspects the resulting spectra using the analysis software to confirm the quality of the data
3.5. Now, introduce 100 microliters of each extract via direct injection to the electrospray ionization source coupled to the FTICR spectrometer through a syringe pump set to a flow rate of 3.0 microliters per minute [1].  Set the parameters as before [2].
3.5.1. CU: Syringe pump/ESI source as talent injects the samples.
3.5.2. MED: Talent sets the parameters on the computer.
3.6. Adjust the ion accumulation time for each sample or group of samples to account for variation in Carbon concentration [1].
3.6.1. SCREEN: Screen capture movie as talent adjusts the ion accumulation time for each sample or group of samples to account for variation in Carbon concentration.
3.7. [bookmark: _Hlk525823662][bookmark: _Hlk525823461]Collect 144 scans for each sample, average the scans and then conduct an internal calibration using a homologous CH2 (C-H-two) series [1-TXT].
3.7.1. SCREEN: Screen capture movie as talent averages the 144 scans and conducts an internal calibration using a homologous CH2 series.  TEXT: See text for FTICR-MS Data Processing
3.8. Dry the extracts using a concentrator and save the remainder of the extracts for subsequent gas chromatography mass spectrometry, liquid chromatography mass spectrometry, and nuclear magnetic resonance spectroscopy analysis [1-TXT].  
3.8.1. [bookmark: _Hlk523469554]CU: Concentrator as talent adds the extracts there.  TEXT: GC-MS, LC-MS and NMR 
4. [bookmark: _Hlk526946625]Chemical Derivatization for GC-MS
4.1. To prepare for GC-MS, first prepare blank control samples as detailed in the text protocol [1].
4.1.1. MED: Talent retrieves the prepared blank control samples from storage – or works to prepare them.
4.2. To protect carbonyl groups, add 20 microliters of 30 milligrams per milliliter methoxyamine (muh-thok-see uh-meen) hydrochloride in pyridine to each of the samples, including the methanol extracts, the water extracts, the blanks, and the FAME calibration samples [1].  Seal the vials with caps [2].
4.2.1. CU: Vials as talent adds 20 microliters of 30 milligrams per milliliter methoxyamine hydrochloride in pyridine to each of the samples.  Use labeled containers.
4.2.2. MED: Talent seals the vials with caps.
4.3. Vortex the extracts for 20 seconds [1].  Then, sonicate the extracts for 60 seconds [2].  Centrifuge the extracts at 37 degrees Celsius for 90 minutes at 100 x g [3].
4.3.1. CU: Extracts as talent vortexes them.
4.3.2. CU: Extracts as talent sonicates them.
4.3.3. MED: Talent places the samples into the centrifuge, shuts lid and starts run.
4.4. Add 80 microliters of MSTFA with 1% trimethylchlorosilane (trahy-meth-uh l klohr-oh sil-eyn) to each sample [1-TXT].  After vortexing and sonicating the extracts as before, centrifuge the extracts again at 37 degrees Celsius for 30 minutes at 100 x g [2].
4.4.1. CU: Samples as talent adds 80 microliters of MSTFA with 1% trimethylchlorosilane to each sample.  Use labeled containers.  TEXT: MSTFA = N-methyl-N-(trimethylsilyl)trifluoroacetamide
4.4.2. CU: Centrifuge as talent places the samples there, shuts lid and starts run.
4.5. [bookmark: _Hlk523469452]After cooling extracts to room temperature, transfer into GC-MS autosampler vials [1].  Proceed to GC-MS analysis and data processing as described in the text protocol [2].
4.5.1. CU: GC-MS autosampler vials as talent transfers the extracts there.
4.5.2. [bookmark: _GoBack]MED or WIDE: Talent working at the computer appearing to be running GC-MS or analyzing the data. (Editor: The authors struck out this statement, but I’m not sure if they provided us another shot to cover this VO. It not, I’d omit the VO for the time being since the action is just referring the viewer to the text.)
5. [bookmark: _Hlk526149080]Liquid State NMR Analysis and LC-MS Lipidomics Analysis
5.1. To prepare for liquid state NMR analysis, dilute the remainder of the water extracts by 10% with a 5 milliMolar DSS internal standard [1-TXT]. 
5.1.1. Extracts as talent dilutes them by 10% with a 5 milliMolar DSS internal standard.  Use labeled containers.  TEXT: DSS = 2,2-dimethyl-2-silapentane-5-sulfonate-d6 
5.2. [bookmark: _Hlk526150891]Transfer the mixture into a high-quality 3 millimeter outer diameter borosilicate glass NMR tube [1].  Proceed to NMR analysis and data processing as described in the text protocol [2].
5.2.1. CU: NMR tube as talent transfers the mixture there.
5.2.2. MED-over the shoulder: Talent analyzes a NMR spectrum on computer.
5.3. To perform the LC-MS Lipidomics Analysis, inject 10 microliters of each extract into an ultra-performance liquid chromatography system coupled to an Orbitrap mass spectrometer using a reversed phase charged surface hybrid column [1-TXT]. 
5.3.1. MED: Talent places the sample into the autosampler for Liquid Chromatography.  TEXT: 3.0 mm × 150 mm × 1.7 μm particle size
5.4. Set a 34-minute gradient as listed in the text protocol at a flow rate of 250 microliters per minute [1].  Use both negative and positive ionization modes with higher-energy collision dissociation and collision induced dissociation [2-TXT].  
5.4.1. MED-over the shoulder: Talent sets up the gradient and flow rate.  
5.4.2. MED: Talent works at the LC-MS/MS coupled computer.  TEXT: See text for LC-MS/MS data processing
6. [bookmark: _Hlk525825103]Proteomics Analysis
6.1. To perform proteomics analysis, first extract proteins according to the MPLEx protocol from the remainder of the methanol phase, as outlined in the text protocol.  [1-TXT].
6.1.1. Samples as talent washes them with 20 times the extract volume of additional minus 20 degree Celsius methanol.  Use labeled containers. Talent points out the protein layer in the vial. TEXT: Nicora, C. D., et al. JoVE. (2018) (Editor: The author wanted to state – in the VO – this full citation, including each author name and the full video title. Even though the VO I’ve written doesn’t accurately reflect that this is a citation, I believe much of this is referred to in the original manuscript)
6.2. [1-TXT]. [2].
6.2.1. MED: Talent conditions the columns.  Use labeled containers.  TEXT: TFA = trifluoroacetic acid
6.2.2. CU: Extract as talent injects it at no greater than 1 milliliter per minute.
6.3. [1-TXT]. [2-TXT]. 
6.3.1. MED: Talent washes the column with 4 milliliters of water-acetonitrile-TFA from a labeled container.  TEXT: 95:4.9:0.1 water:acetonitrile:TFA
6.3.2. CU: SPE column as talent places a 1.5 mL collection tube under it and elutes the sample.  TEXT: 80:19.9:0.1 methanol:water:TFA
6.4. [1]. [2].
6.4.1. CU: Vacuum-assisted freeze dryer as talent places the sample on.
6.4.2. MED: Talent measures the absorbance at 562 nm.
6.5. [1 [2]. [3].
6.5.1. MED: Talent places the extracts into the centrifuge, shuts lid and turns on.
6.5.2. CU: Sample as talent places it on the freeze-dryer. 
6.5.3. CU: Protein pellet as talent resuspends in water.
6.6. 1]. [2].
6.6.1. MED: Talent leaves the samples in an incubator at 60 degrees Celsius.
6.6.2. CU: Samples as talent dilutes them 10-fold with 100 milliMolar Ammonium bicarbonate / 8 Molar urea solution from a labeled container.
6.7. [1]. [2].
6.7.1. CU: Samples as talent adds 1 milliMolar calcium chloride and porcine trypsin at a 1 to 50 enzyme to protein ratio.
6.7.2. MED: Talent leaves the samples in the 37 degrees Celsius incubator.





Section – Results
7. Results: Number of Enzymes Identified in Minnesota Peat at Three Different Depths 
7.1. Peat was compared with depth in the S1 bog at the Spruce and Peatlands Response Under Changing Environments, or SPRUCE (spruce), site in Minnesota, USA.  3,312 enzymes were identified in the proteomics analysis [1].
7.1.1. Figure 1.TIF 
7.2. [bookmark: _Hlk526947065]An analysis of the enzyme activities with depth reveals that the number of enzymes declines sharply between 15 centimeters… [1] and 45 centimeters in the SPRUCE bog [2].
7.2.1. Figure 1.TIF – Video editors, please emphasize the bar labeled 15 cm.
7.2.2. Figure 1.TIF – Video editors, please emphasize the bar labeled 45 cm.
7.3. To show how sites may vary in metabolite and enzyme activities, SPRUCE results… [1] are compared to those from a permafrost bog and fen in northern Sweden [2].  Overall, 67,040 metabolites were identified in all of the SPRUCE peat samples from the combination of FTICR-MS, NMR, GC-MS, and LC-MS analyses [3].
7.3.1. Figure 2a.TIF – Video editors, please emphasize the Kelly green, pink, and brown bars in the graph, corresponding to SPRCE Bog data.
7.3.2. Figure 2a.TIF – Video editors, please emphasize the forest green and blue bars in the graph, corresponding to Permafrost data.
7.3.3. Figure 2a.TIF in Spruce
7.4. Shown here is the relative fraction of different chemical classes identified via the various techniques in the different depths [1].  While amino acids and sugars decline with depth… [2], this is not observed for lipids [3].
7.4.1. Figure 2d.TIF 
7.4.2. Figure 2d.TIF – Video editors, please emphasize the outer two groups (amino acids and sugars).
7.4.3. Figure 2d.TIF – Video editors, please emphasize the center bars (Cer, DG, DGTSA, PC, PE, and TG).
7.5. By cross-validating metabolites identified in all analyses against the KEGG (keg) database, it was determined that the identified compounds are involved in common metabolic pathways such as tricarboxylic acid cycle, glycolysis, and sugar metabolism [1]. 
7.5.1. Figure 3C.pptx 


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

8.1. Rosalie Chu: Throughout this procedure, it is critical to be aware of potential sources of contamination.  Beginning at sample collection, samples should not contact PEG plastics, which can negatively affect ionization [1]/[2].

8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
8.1.2. Shot 2.4.1 can be shown here. 
8.2. Rosalie Chu: Many of the solvents used during the extraction procedure are hazardous or flammable.  Always wear appropriate PPE to avoid skin and eye contact, as well as to avoid contaminating samples [1].  

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