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Authors, please fill out the brief questionnaire below.   
A.  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______  

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: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 

C.  Location: Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? 

Most of the activity will be in one and the same lab.

We could also include some filming at the mass spectrometer, which is in the basement, so 2 floors below in the same building.

Maybe we can include some filming in the greenhouse, where we can harvest the samples. This will be in the same building but approximately 100m away.

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. (Please do not list entire sections.) The protocol in itself is not too difficult. The points that are really critical are to homogenize the material to a fine powder, since otherwise the phase separation will be affected. Otherwise it is important to use clean vials, flasks and analytical grade solvents and chemicals and perform all the steps accurately. The beauty of the method is that it is not difficult and still highly functional and robust.
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations?  See above
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 method is to recover and analyze all the major molecular entities, including polar and semi-polar metabolites, lipids, and proteins from a single sample using a simple fractionated methyl tert-butyl ether extraction. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 

1.1. Mohamed Salem: The main advantage of this technique is that it can robustly extract all the key compound molecular classes for from a small sample of a single sample aliquot. 


1.1.1. Interview style: Author saying the above (Film in greenhouse, if possible) Author note – should be step 1.2 (this might refer to the slating OR the order they would like, I’m afraid I’m not sure)
1.2.  Patrick Giavalisco: This method can help answer fundamental questions in the field of systems biology since it provides the experimental basis for extensive, multi-omics analysis including fractions for proteomics, lipidomics and metabolomics 


1.2.1. Interview style: Author saying the above (Film in greenhouse, if possible) Author note – should be step 1.3
1.2.2. Interview style: Author saying the above (Film in greenhouse, if possible)
1.3. Patrick Giavalisco: Generally, individuals new to this field will find that analyzing multiple compound classes is difficult because of the numerous extraction methods that must be performed.  In comparison, the MTBE extraction method we present in this video is straightforward and robust.

1.3.1. Interview style: Author saying the above Author note – should be step 1.1
Protocol: (read by voice talent at JoVE)
2. Grinding and tissue disruption

2.1. The following protocol is demonstrated using Arabidopsis leaf tissue. [MED] Arabidopsis are small flowering plants in the Brassicaceae family and are related to cabbage. [CU]
2.1.1. Authors harvest Arabidopsis in the greenhouse 

2.1.2. Authors harvest Arabidopsis (close up) 
2.2. Begin this procedure by pre-cooling the tissue homogenizer tube holders in liquid nitrogen for at least 10 min. [MED] 

2.2.1. Talent places the tissue homogenizer tubes holder in a bucket of liquid nitrogen.

2.3. Remove the samples from liquid nitrogen and place them in the tube holders, and then remove the tube holders from liquid nitrogen. [MED] 
2.3.1. Talent then removes 4 samples from liquid nitrogen and places them in the tube holders.  Author note: “Talent removes the tube holders from liquid nitrogen”. This comes at the end of the step 2.3.1 after putting samples, we remove holders and put them in grinding machine”
2.4. Quickly put the tube holders in the tissue homogenizer and set the homogenizer to grind the biological material into a fine and homogeneous powder. For leaves, use 20 Hz for 1 min. [MED]
2.4.1. Talent places the tube holders in the tissue homogenizer and inputs the homogenization settings.  

2.5. Mohamed Salem: "The homogenization time and speed may be varied depending on the tissue.  Be sure to homogenize until the resulting sample is a fine powder. The sample should be kept frozen at every step of the homogenization." [MED]
2.5.1. Author named above looks up from homogenization and says the above line

2.6. Homogenize the samples, [CU] then, remove the biological samples from the tubes holder [CU] and, if they won’t be used right away, place them into a -80 freezer until further extraction. [MED] 

2.6.1. Talent starts the homogenizer, and it begins spinning/shaking

2.6.2. Talent removes the samples from the tubes holder

2.6.3. Talent approaches the freezer and places the samples inside and closes the door.


3. Aliquoting tissue

3.1. Label four 2 mL round bottom safe-lock microcentrifuge tubes with the sample number. [CU]
3.1.1. Talent writes the appropriate information on the tubes


3.2. Pre-cool the tubes and some spatulas by submerging them in liquid nitrogen. [CU]
3.2.1. Talent places the tubes and spatulas in liquid nitrogen

3.3. Once the tubes and spatulas are cool, place one of the tubes on an analytical balance [MED] and use a spatula to aliquot the use 25 mg of tissue powder into the microcentrifuge tube. [CU-TXT]
3.3.1. Talent places the tube on the analytical balance

3.3.2. Talent uses a spatula to aliquot the required amount of tissue powder: Text Overlay: 10-50 mg ± 10%


3.4. Record the exact weight for each sample. Then, immediately place the aliquoted samples in liquid nitrogen. Perform this step quickly to avoid defrosting the plant material. [MED]
3.4.1. Talent right down the exact weight and immediately places the aliquoted sample in liquid nitrogen

3.5. Store the aliquoted samples at –80 °C until further extraction. [MED]
3.5.1. Talent places the samples in the freezer

4. Extraction and Fractionation by phase separation 
4.1. To prepare for the extraction, pre-cool the methyl tert-butyl ether or “MTBE”/ methanol extraction mixture, prepared as described in the accompanying document, in a -20 °C freezer. [MED-TXT]
4.1.1. Talent places the extraction mixture in a -20 °C freezer. Text overlay: (MTBE: MeOH, 3:1, vol/vol)
4.2. Take out the aliquoted samples and add 1 mL of the pre-cooled extraction mixture to each sample tube. Perform this step quickly. MTBE has a low viscosity and can drip out of the pipette tip. [MED]
4.2.1. Talent removes one sample and adds 1 mL of extraction mixture. Talent then removes another sample and adds the pre-cooled extraction mixture.


4.3. Mix each sample immediately on a vortex mixer until the tissue is well homogenized within the extraction mixture. Keep the tubes in a rack on the bench until all of the samples have been extracted.  [CU]
4.3.1. Talent uses for text to mix the sample until it is homogenized

4.4. Mohamed Salem: “This step is critical.  Here, we precipitate the proteins and inactivate their enzymatic activities.
[MED]
4.4.1. Talent looks up from homogenizing and says the above line.

4.5. Incubate all the samples on an orbital shaker at 100 rpm for 45 min at 4 °C. [MED]  Then, sonicate the samples for 15 min in an ice-cold sonication bath.  [CU]
4.5.1. Talent places the samples on an orbital shaker and turns it on.

4.5.2. Talent places the samples in a sonication bass and turns it on.

4.6. Next, to fractionate by phase separation, add 650 µL of a 3:1 solution of water and methanol to each sample tube.  Then, mix by vortexing for 1 min. [CU-TXT]
4.6.1. Talent adds H2O: MeOH to each sample and then vortexes. Text overlay: (H2O:MeOH, 3:1, vol/vol)
4.7. Centrifuge the samples at a speed of 20,000 x g for 5 min at 4 °C. [MED] After this step, handle the tubes with care to avoid mixing of the two liquid phases and avoid disrupting the precipitated pellet.  [MED]
4.7.1. Talent places the samples in the centrifuge and closes the lid.
4.7.2. Talent carefully removes the tubes from the centrifuge.
5. Aliquoting polar and hydrophobic fractions 

5.1. At this stage, there are two immiscible liquid phases with a solid pellet in the bottom of the tube.  The non-polar upper phase contains lipids.  The lower aqueous phase contains polar and semi-polar metabolites.  The pellet contains proteins, starches, and the cell wall. [ECU]
5.1.1. Talent shows the tube and phases are evident.  Editor, please use arrows to indicate the layers as described in the above text.


5.2. Transfer 500 µL of the solvent from the upper, lipid-containing, phase into a labeled 1.5 mL microcentrifuge tube. [ECU]  Then using a 200 µL pipette, carefully remove the remaining lipid phase and discard it. [ECU] 
5.2.1. *Film as written

5.2.2. *Film as written

5.3. Next, transfer 400 µL of the solvent from the lower phase into a labeled 1.5 mL microcentrifuge tube. Transfer an additional aliquot of 200 µL to a microfuge tube to perform further analysis, such as gas chromatography-based metabolite analysis.
[ECU]
5.3.1. *Film as written Text overlay: The aliquoted lipid samples can be directly concentrated for immediate UPLC-MS analysis or stored for several weeks at -80 °C.

5.4. Remove and discard the remainder of the aqueous phase by pipetting off the excess volume. [CU] Then, to wash the obtained protein, starch, cell wall pellet by add 500 µL methanol and then vortex it for 1 minute. [CU]


5.4.1. *Film as written 

5.4.2. *Film as written

5.5. Centrifuge the samples at a speed of 10,000 x g for 5 min at 4 °C. [MED] [MED]
5.5.1. Talent places the samples in a centrifuge and closes the lid.
5.5.2. Talent places the samples in a -80 freezer.
6. Concentration and storage of fractions and Analysis of lipids using UPLC-MS 
6.1. Evaporate the solvent from the lipid samples using a nitrogen flow evaporator to avoid oxidative modifications of the lipids. The resulting dried samples should be analyzed immediately. [MED-TXT]
6.1.1. Talent places the samples in a nitrogen flow evaporator. Text overlay: If a nitrogen flow evaporator is not available, use a vacuum concentrator without heating for 1-2 hours 


6.2. Evaporate the solvent from the aqueous samples overnight in a vacuum concentrator without heating. [MED] The dried aqueous samples can be stored for several weeks at -80 °C before analysis. [MED]
6.2.1. Talent places this samples in a vacuum concentrator.
6.2.2. Talent places the samples in a -80 freezer.
6.3. Resuspend the dried lipid fractions in 400 µL of a solution of 7:3 acetonitrile to 2-propanol [MED, 6.3.1].  Transfer sufficient liquid to glass vials and cap tightly. [CU-TXT, 6.3.1/2] Then, put the glass vials in a cooled autosampler at 4 °C. [MED]
6.3.1. *Film as written Text overlay: acetonitrile: 2-propanol (7:3, vol/vol).  
6.3.2. *Film as written
6.4. Inject 2 µL per sample and separate the lipids on a Reversed Phase C8 column held at 60 °C using a UPLC system running at a flow rate of 400 µL/min. [MED]  Use the mobile phases described in Table 1 of the accompanying document for the chromatographic separation.  [LM]
6.4.1. *Film as written

6.4.2. Table 1

6.5. Acquire the mass spectra in positive and negative ionization mode using a suitable MS instrument covering the mass range between 150 and 1500 m/z. [TBD]
6.5.1. Talent, seated at the PC of the liquid chromatograph and mass spectrometer analyzing sample
7. Analysis of polar and semi-polar metabolites using UPLC-MS.
7.1. Re-suspend the polar phase in 200 µL a solution of 1:1 UPLC-grade methanol to water. [CU-TXT] Transfer sufficient liquid to glass vials and cap tightly.  Then, put the glass vials in a cooled autosampler (4 °C). [CU]
7.1.1. *Film as written Text Overlay: UPLC-grade methanol:water (1:1, vol/vol).
7.1.2. *Film as written
7.2. Inject 2 µL from each sample and separate the metabolites on an RP C18 column held at 40 °C using a UPLC system running at a flow rate of 400 µL/min. [MED]  Use the mobile phases for chromatographic separation with the parameters given in table 2 of the accompanying document [LM]
7.2.1. *Film as written
7.2.2. Table 2
7.3. Acquire full scan mass spectra in positive and negative ionization mode using a suitable mass spectrometer covering a mass range between 50 and 1500 m/z. [TBD]
7.3.1. Talent, seated at the PC of the liquid chromatograph and mass spectrometer analyzing sample
7.4. Finally, perform protein extraction, digestion, and analysis as described in the accompanying document.  [LM]  
7.4.1. Perform a recognizable step from protein extraction or digestion. Author note: “We skipped this step. This should be [LM] by having an animation of protein extraction, digestion, and analysis”
8. Representative chromatograms of lipid and semi-polar metabolites from Arabidopsis thaliana leaf extracts. 
8.1. 25 milligrams of Arabidopsis leaf tissue were harvested, ground, and extracted before subjecting it to three analytical UPLC-MS platforms. [LM]
8.1.1. Figure 1- Show first three steps in chart as noted above

8.2. The polar and semipolar primary and secondary metabolites were analyzed from the polar phase by reversed phase C18 UPLC-MS.  Base peak chromatograms of lipids, shown in the upper panel, and semi-polar metabolites, shown in the lower panel, were analyzed in positive ionization mode. [LM]
8.2.1. Figure 4- highlight each panel as it is mentioned
8.3. The pie chart in the upper right corner of each chromatogram shows the number of identified lipids and metabolites assigned to different chemical classes. [LM]
8.3.1. Figure 4- highlight the pie charts in the upper right corners
8.4. For example, 58 different lipids were assigned to the triacylglyceride group indicated in the upper chart as “TAG”.  [LM]
8.4.1. Figure 4- editor use an arrow to show the TAG group in the pie chart in the upper left corner
8.5. More hydrophilic metabolites from this fraction, such as sugars and polar amino acids, which do not show good retention on the reversed phase material, can be analyzed by other analytical methods such as GC-MS or hydrophilic interaction liquid chromatography. [LM]
8.5.1. Figure 4 no animation

8.6. The proteins that were retrieved from the extraction were in-solution digested and analyzed using shotgun LC-MS. [LM]
8.6.1. Figure 5 no animation
8.7. The pie chart shown in the upper right corner indicates the number of identified proteins assigned to different biological processes. For example, 268 proteins were assigned to the “localization” category. [LM]
8.7.1. Figure 5- editor use an arrow to show the localization group in the pie chart in the upper left corner
8.8. In summary, more than 200 lipid species, 50 annotated semi-polar metabolites and several thousand proteins can be routinely identified from samples like the one used in this example. Additionally, the method showed broad applicability using different tissues, organs, and cell culture material. 
[LM]
8.8.1. Figure 6 no animation

9. Conclusion (said by authors on camera) 
9.1. Patrick Giavalisco: After watching this video, you should have a good understanding of how to prepare your samples for the extraction and analysis of most essential compounds from a single aliquot of your sample. 
9.1.1. Interview style: Author saying the above (Film in greenhouse, if possible)
9.2. Mohamed Salem: While attempting this procedure, it’s important to remember to keep all samples frozen, grind the material properly and use analytical grade chemicals and solutions.
9.2.1. Interview style: Author saying the above (Film in greenhouse, if possible)
9.3. Mohamed Salem: Following this procedure all other analytical methods including GC-, CE- or LC-MS can be performed to determine the molecular composition of the extracted samples.
9.3.1. Interview style: Author saying the above (Film in greenhouse, if possible)
9.4. Author Name (Delete if no 4th speaker): Don't forget that working with an organic solvent like MTBE or methanol and liquid nitrogen can be extremely hazardous and precautions such as working in fume hoods and wearing protective clothing should always be taken.   
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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 are 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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