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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: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies. 
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) ___ N ___ 
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_   steps 3.1, 3.2, 3.3, 3.4, 4.4, 4.5
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  step 4.5, minimizing magnetic-field inhomogeneity.  To ensure success: systematic and patient, iterative adjustment of shim currents needs to be done.

1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:
The overall goal of this procedure is to obtain high-resolution metabolite profiles from rat brain extracts. (Intro)

[bookmark: _GoBack]This is accomplished by first harvesting rat brains and snap freezing these in liquid nitrogen. (P1, show P1 in the first PowerPoint slide. Show the rat first followed by the blue arrow and the brain image. Then show the second blue arrow followed by the right image. If possible, insert “Freeze-clamped in liquid nitrogen” underneath the right image.)

The second step is to extract brain metabolites by homogenizing tissue in methanol/chloroform/water, followed by removal of denatured proteins and organic solvents. (P2, show right frozen brain tissue image from P1. Then make an arrow appear pointing from this image to the test tube in P2, which should appear following the arrow. Then make the second blue arrow appear followed by right image of centrifuge. If possible, make the test tube move toward the right image as if it is being lowered into the centrifuge.)

Next, the  aqueous samples are lyophilized, and all samples are redissolved in well-defined solvents for optimal NMR spectroscopic analysis. (P3, show left image of lyophilizer in P3. Then make the blue arrow appear followed by right image of person pipetting solution into a tube.)

The final step is to carefully set up and optimize metabolomic NMR experiments. (P4, show left NMR tube in P4. Then make blue rectangle appear on it followed by right NMR image.)

Ultimately, NMR spectra are acquired under well-defined experimental conditions and evaluated using optimized data processing protocols. (P5, show right NMR image of P4. If possible, make it turn into the left NMR image of P5 in the second PowerPoint slide. Then make the right image of P5 move out of the NMR image. Alternatively, make the right image appear next to the left NMR image.)

Video Editor: Use SchematicOverviewNew.pptx


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. NWL: Though this method can provide insight into brain metabolism, it can also be applied to other soft tissues, such as tumors, liver, kidney and other organs. 5 Takes


Protocol (read by voice talent at JoVE):
2. Extraction of Metabolites
2.1. First, remove a previously prepared frozen brain tissue sample from the −80 °C freezer. Then, immediately transfer the tissue sample to a mortar partially filled with liquid nitrogen.
2.1.1. WID: Talent walks up to −80 °C freezer and removes the frozen brain tissue sample from it. 2 Takes. I made a mistake naming them on the slap, I named them 2.1/1 & 2.1/2.
2.1.2. MED-over the shoulder: Talent places tissue sample in a mortar containing liquid nitrogen. 2 Takes
2.2. Use a liquid nitrogen-cold pestle to break the frozen brain tissue into smaller pieces that easily fit into the test tubes used for tissue homogenization. 
2.2.1. CU: Frozen brain tissue in mortar as talent breaks it into smaller pieces with the pestle. 3 Takes
2.3. Following this, mix the small pieces of frozen brain tissue thoroughly. Weigh out 250 to 350 mg of the tissue and transfer it to a test tube filled with a total of 4 mL of ice-cold methanol. Every time pieces of frozen tissue are added to the test tube, homogenize these immediately with the tissue homogenizer.	
2.3.1. MED-over the shoulder: Talent mixes the small pieces of frozen brain tissue with a spatula. 3 Takes
2.3.2. MED: Talent weighs tissue on a balance and adds it to a test tube containing methanol. We cut this shoot in 2 Parts: 
2.3.2. = Talent weighs tissue on a balance 2 Takes. There is a procedure error in the 2.3.2/1, The weigh did not fit the procedure. In the 2.3.2/2 the procedure is correct.
2.3.2 bis= Talent adds it to a test tube containing methanol+ 2.3.3+ 2.4.1 in a MED shoot. 2.4.1 has been done again in CU.  3 Takes.
2.3.3. MED-over the shoulder: Talent places tissue homogenizer in test tube containing frozen tissue and methanol and turns it on. See above
2.4. After the last piece of frozen rat brain sample has been added to the test tube and homogenized, transfer the homogenate to a ≥ 20 mL glass vial. Close the screw cap and place the homogenate on ice for 15 min. 
2.4.1. CU: Glass vial as talent adds the homogenate to it. 2 Takes, named 2.4.1CU/1 & 2.4.1CU/2
2.4.2. MED: Talent closes the vial with a screw cap and places it on ice. 2 Takes
2.4.3. [added] MED: Talent briefly places vial on vortex mixer 2 Takes
2.5. Next, add 4 mL of ice-cold chloroform to the homogenate and vortex thoroughly. When finished, set the homogenate on ice for 15 min.		
2.5.1. MED-over the shoulder: Talent opens vial on ice, adds chloroform to it, and closes it. We cut this shoot in 2 parts:
2.5.1= Talent opens vial on ice, adds chloroform to it, 2 Takes. The first shoot (2.5.1/1) has been cut in the middle to let Norbert adjust his measures, I named the rest of the shoot 2.5.1 continue/1. I film it on continue in the 2.5.1/2 take, if you use this one,                    you may want the cut the moment he adjust his measures.
2.5.1 Bis= Talent close it. 2 Takes
2.5.2. MED: Talent briefly places vial on vortex mixer. 2 Takes
2.5.3. MED-over the shoulder: Talent places vial containing homogenate on ice. 2 Takes
2.6. Add 4 mL of water to the homogenate. After vortexing thoroughly, let the homogenate stand at −20 °C overnight.
2.6.1. CU: Vial containing homogenate as talent adds water to it. 2 Takes
2.6.2. MED: Talent places vial in a −20 °C freezer. 2 Takes
3. Phase Separation and Solvent Evaporation
3.1. For complete phase separation, transfer the brain tissue homogenate solution to a ≥ 20 mL chloroform-resistant centrifuge tube and centrifuge the sample at 13,000  g and 4 °C for 40 min. 
3.1.1. MED-over the shoulder: Talent transfers brain tissue homogenate solution from vial to chloroform-resistant centrifuge tube. 3 Takes
3.1.2. MED: Talent places tube in centrifuge, programs the appropriate settings, and turns it on. 3 Takes
3.2. Following centrifugation, use a Pasteur pipette to transfer the upper phase to an appropriate ≥ 15 mL methanol-resistant tube and place it on ice. Then, use a fresh Pasteur pipette to transfer the lower phase to an appropriate ≥ 15 mL chloroform-resistant tube and place it on ice (TEXT: Store precipitated protein layer at −80 °C if it will be used for total protein determination).
3.2.1. CU: Tube containing two phases as talent uses a pipette to remove the upper phase. 3 Takes: 3.2.1/1 & 3.2.1/3 & 3.2.1/4
3.2.1/1 Use only the first part of this clip because in the second part, Norbert is adjusting his measures. 3.2.1/3 & 3.2/1/4 are better takes.
3.2.2. MED-over the shoulder: Talent adds upper phase to methanol-resistant tube and places it on ice. 3 Takes: 3.2.1/2 & 3.2/2/2 & 3.2.2/3 Error named in the slap, I named the first shoot= 3.2.1/2.  
3.2.3. MED: Talent transfers lower phase from centrifuge tube to chloroform-resistant tube and places it on ice. 3 Takes
3.3. While keeping the tube with the water/methanol phase on ice, evaporate the methanol by directing a dry nitrogen stream onto the surface of the extract solution. Terminate the evaporation process when nitrogen bubbling no longer causes volume reduction in the extract solution. 
3.3.1. CU: Tube containing water/methanol phase as talent directs nitrogen stream over it. 2 Takes
3.3.2. MED: Talent turns off nitrogen gas flow. 2 Takes
3.4. After placing the tube with the methanol/chloroform phase on ice, evaporate the methanol by directing a dry nitrogen stream onto the surface of the extract solution. When all of the solvent is evaporated, close the tube and keep the sample at −80 °C until ready for NMR analysis.  
3.4.1. MED-over the shoulder: Talent directs nitrogen stream over tube containing methanol/chloroform phase. 3 Takes
3.4.2. MED: Talent closes the tube and places it in −80 °C freezer. We cut this shoot in 2 parts: 3.4.2. MED: Talent closes the tube. 2 Takes
                       3.4.3. MED: Talent places it in −80 °C freezer. 2 Takes
3.5. To prepare the aqueous phase for lyophilization, transfer the aqueous sample to a thoroughly rinsed 50-mL centrifuge tube. Then, freeze the extract solution by rotating the centrifuge tube in liquid nitrogen such that the inner surface of the tube is progressively covered by the frozen liquid. 
3.5.1. MED-over the shoulder: Talent transfers aqueous sample from tube to centrifuge tube. 3 Takes
3.5.2. CU: Centrifuge tube as talent rotates it in liquid nitrogen. 3 Takes
3.6. When all the liquid is frozen, cover the tube with a punctured screw cap to allow the vapor to escape, and place the tube in a wide-neck vacuum filter bottle. After attaching the bottle to the freeze-dryer, start the lyophilization.		
3.6.1. MED: Talent places the punctured screw cap on the tube and places tube in vacuum filter bottle. 3 Takes
3.6.2. MED-over the shoulder: Talent opens valve to the lyophilizer. 2 Takes
3.7. Terminate the lyophilization process when the sample is entirely dry. Keep the sample at 80 °C in a closed tube until used for NMR analysis.
3.7.1. MED: Talent closes the valve and removes the vacuum filter bottle from the lyophilizer. 2 Takes
3.7.2. MED-over the shoulder: Talent places sample in −80 °C freezer. 2 Takes
4. Preparation of NMR Samples and Performance of the 31P NMR Experiment for Brain Phospholipid Analysis
4.1. For phosphorus NMR analysis of phospholipids, or PLs, dissolve the dried lipids in 700 μL of a 5:4:1 volume ratio of deuterated chloroform, methanol and a previously prepared 200 mM CDTA (TEXT: CDTA: trans-1,2-cyclohexyldiaminetetraacetic acid) solution. Transfer the sample to a microcentrifuge tube using a direct-displacement micropipette with a chloroform-resistant tip. 
4.1.1. MED: Talent adds chloroform solution to tube containing the dried lipids. 2 Takes
4.1.2. CU: Microcentrifuge tube as talent adds sample to it with micropipette. 2 Takes
4.2. At this point, set the temperature regulation of the NMR probe to the desired target value, which is usually 25 °C (TEXT: For best results, use a multinuclear high-resolution NMR spectrometer. See text protocol for additional instrument details). 
4.2.1. SCREEN: Computer screen as talent sets the temperature regulation of the NMR probe. 4 Takes
4.3. Centrifuge the PL extract solution at 4 °C and 11,000  g for 30 min to spin down the solid residues in the sample. When finished, transfer 600 μL of the supernatant to a high-quality NMR tube with a 5 mm outer diameter.
4.3.1. CU: Centrifuge as talent programs the appropriate settings and turns it on. 2 Takes
4.3.2. MED-over the shoulder: Talent adds supernatant to NMR tube. 3 Takes
4.4. Prepare the appropriate coaxial insert stem filled with an aqueous 20‑mM methylenediphosphonate solution at pH 7.0 for chemical-shift referencing and quantitation. Place this insert in the NMR tube filled with the PL extract solution.
4.4.1. MED: Talent prepares the aqueous methylenediphosphonate solution in the coaxial insert. 1 Take
4.4.2. CU: NMR tube containing the PL extract solution as talent places the insert in it. 3 Takes
4.5. Next, fit the NMR tube with the appropriate spinner and transfer it to the NMR magnet. Spin the sample at 15 to 20 Hz. After waiting until the sample has adjusted to the set temperature, carefully minimize the magnetic-field inhomogeneity across the sample by adjusting the on-axis and off-axis shim coil currents. 
4.5.1. MED: Talent fits NMR tube with spinner and places tube in instrument. We did this shoot in 2 parts:  
4.5.1. MED: Talent fits NMR tube with spinner. 3 Takes
                       4.5.1 bis WID: Talent places tube in instrument. 3 Takes
4.5.2. SCREEN: Computer screen as talent sets the spin settings. 4 Takes
4.5.3. SCREEN: Computer screen as talent adjusts the on-axis and off-axis coil currents. 2 Takes
4.6. Set the NMR spectrum acquisition parameters to the optimal values, which may vary as a function of magnet field strength (TEXT: For the 9.4-T system used in this experiment, see Table 1 for recommended parameter values).
4.6.1. SCREEN: Computer screen as talent sets the appropriate NMR spectrum acquisition parameters. 2 Takes
4.7. Once the spectrum acquisition has finished, process the free induction decay, or FID, using optimized parameters. 
4.7.1. SCREEN: Computer screen as talent process the FID. 2 Takes
4.8. To obtain the best results for the whole range of PLs, repeat processing using at least two multiple different filtering procedures (TEXT: Use strong resolution enhancement for strongly overlapping signals and strong filtering for weak signals). Finally, filter very weak and broad signals without significant overlap by apodization to increase the signal-to-noise ratio. 
4.8.1. MED-over the shoulder: Talent at computer repeats the data processing. 2 Takes
4.8.2. SCREEN: Computer screen as talent filters the appropriate signals by apodization. 2 Takes
5. Results: NMR Spectroscopic Analysis of Rat Brain Tissue 
5.1. In this experiment, extremely narrow spectral lines were obtained for all spectral regions analyzed. Even in very crowded regions, peaks at a distance of < 0.01 ppm are almost completely separable at 400 MHz. As a consequence, qualitative and quantitative analysis of the numerous small, but currently unassigned, peaks can be envisaged in the future. 
5.1.1. LAB MEDIA: Figure 1 (Fig1.pdf) (Video Editor: Show all three spectra for the first sentence. Zoom into the bottom spectrum for the second sentence and highlight or point to each set of peaks [e.g., around 4.03 and 4.73 ppm]. If possible, keep the bottom spectrum on the screen and make the center spectrum appear above it for the third sentence; point to smallest discernible peaks in spectrum [e.g., around 2.53 ppm].)  
5.2. Line narrowing by choosing 1000 mM instead of 200 mM CDTA was desired, but resulted in superposition of PL signals. Line narrowing by choosing 277 °K instead of 297 °K was desired, but also resulted in superposition of PL signals. A decrease in CDTA concentration from 200 mM to 50 mM only results in a modest increase in line width, and in almost no change in chemical shifts. However, note that the tissue concentration in the 50-mM CDTA extract is half as high as it is in the 200-mM CDTA extract, explaining the relatively narrow lines.
5.2.1. LAB MEDIA: Figure 2 (Fig2.pdf) (Video Editor: Show the left two spectra for the first sentence. Highlight the bottom left spectrum and gray out the top left spectrum when “1000 mM” is mentioned in the first sentence and vice versa when “200 mM” is mentioned in the first sentence. Alternatively, make “1000 mM CDTA” and “200 mM CDTA” labels appear on the bottom and top left spectra, respectively, when mentioned in the first sentence. Show the right two spectra for the second sentence. Highlight the bottom left spectrum and gray out the top left spectrum when “277 °K” is mentioned in the second sentence and vice versa when “297 °K” is mentioned in the first sentence. Alternatively, make “277 °K” and “297 °K” labels appear on the bottom and top left spectra, respectively, when mentioned in the second sentence. Show the top two spectra for the third sentence and make “200 mM” and “50 mM” labels appear on the top left and top right spectra, respectively.) 
5.3. A large number of quantifiable PLs were detected, covering a considerable concentration range. Spectral resolution is even sufficient to routinely detect partial splitting of certain peaks. As a consequence, qualitative and quantitative analysis of further PL subgroups can be envisaged in the future. 
5.3.1. LAB MEDIA: Figure 3 (Fig3.pdf) (Video Editor: Show the top right spectrum for the first sentence and make the labels and corresponding black lines appear pointing to the appropriate peaks. Show the bottom left spectrum for the second sentence and make the labels and corresponding black lines appear pointing to the appropriate peaks. Show the bottom right spectrum for the third sentence and make the labels and corresponding black lines appear pointing to the appropriate peaks. Highlight the "PtdC1U" peak.) 

6. Conclusion (said by authors on camera)
6.1. NWL: While attempting this procedure, it’s important to remember to carry out each single step with extreme care to guarantee optimal metabolite analysis. 4 Takes
       

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, 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.

Figures already submitted:
Fig1.pdf
Fig2.pdf
Fig3.pdf

SchematicFig – authors, please include a schematic figure to correlate with the narrative
overview text in section 1A. See attached instructions.



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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