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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)_____Y___ 

C.  Location: Will the filming need to take place in multiple locations? (Y/N) ___N___ If yes, how far apart are the locations? ____________________________________________ 
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.) ______2.2 and 2.3_____________________
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 method is to determine the lipid profile of fish oil supplements using Nuclear Magnetic Resonance spectroscopy. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Kathryn Williamson: This method can help answer key questions for lipid analysis, such as the lipid contents of fish oil supplements and the positional distribution of various fatty acids on the glycerol skeleton [1-MED].
1.1.1. Kathryn speaks toward the camera, interview style. 
1.2. Kathryn Williamson: The main advantage of this technique is that it makes the rapid and robust analysis of several different molecules feasible in one snapshot, without using separation and purification steps [1-MED].
1.2.1. Kathryn speaks toward the camera, interview style.   

Protocol: (read by voice talent at JoVE)
2. NMR Sample and Instrument Preparation 
2.1. To prepare the samples for proton and carbon NMR analysis, first extract 120 microliters of fish oil from a dietary capsule using a syringe and place it in a 4-milliliter glass vial [1-CU-TXT].  Record the weight of the fish oil [2-MED-over the shoulder].
2.1.1. Dietary capsule, syringe and glass vial as talent extracts 120 microliters of fish oil and places it onto the glass vial.  TEXT Overlay: ~ 110 mg fish oil   
2.1.2. Talent records the weight of the fish oil.
2.2. Use 500 microliters of a BHT stock solution to dissolve 100 milligrams, plus or minus 10 milligrams, of fish oil [1-CU-TXT].
2.2.1. Fish oil as talent uses 500 microliters of a BHT stock solution to dissolve 100(10 mg of the fish oil.  TEXT Overlay: See text for 2,6-Di-tert-butyl-4-methylphenol (BHT) stock solution.
2.3. After dissolving the oil, transfer all of the solution [1-MED-over the shoulder] directly into a high quality 5-millimeter NMR tube and attach a cap.  Analyze the samples within 24 hours of preparing the samples [2-CU].
2.3.1. Talent pipettes up the solution and motions to pipettes it into the NMR tube.  Continue action in next shot.
2.3.2. NMR tube as talent pipettes the solution there and attaches the cap.
2.4. Insert the NMR tube into a spinner turbine [1-MED].  Place the spinner and the tube on the top of a graded depth gauge and gently push the top of the tube until its bottom part touches the bottom of the gauge [2-CU].
2.4.1. Talent inserts the NMR tube into the spinner turbine.
2.4.2. Graded depth gauge as talent places the tube on the top of the gauge and gently pushes the top of the tube until its bottom part touches the bottom of the gauge. 
2.5. Then, place the NMR tube in an open spot of the SampleCase [1-MED].  Note the slot number the sample is placed in [2-CU].
2.5.1. Talent places the NMR tube in an open spot of the SampleCase.
2.5.2. Lab notebook as talent notes the slot number there.
2.6. To load the sample in the NMR instrument, return to the control computer and type 'sx number', where number is the slot in the SampleCase holding the sample.  Wait for the deuterium signal of deuterated chloroform to appear on the screen [1-MED-over the shoulder].
2.6.1. Talent at the control computer types the sx number and then the deuterium signal of the chloroform appears.
2.6.2. ADDED: Video of sample automatically loading into the NMR instrument after typing SX # Editor – please use in addition to 2.6.1 to cover 2.6, wherever it seems to make most sense. Not sure without seeing it if this should go before or after 2.6.1 so I’ll leave it up to you.
2.7. As soon as the deuterium signal is visible, type “lock” on the command line and select deuterated chloroform from the solvents list to lock the sample using its deuterium resonance [1-LM].   
2.7.1. 55547_screenshot_2.7.1 – Authors, please provide a screenshot of “lock” typed into the command line and “CDCl3” selected on the solvent’s list.  Editors, please use a zoom bubble to emphasize “lock” as narrated.  Then use the zoom bubble to emphasize “CDCl3” as narrated.
2.8. Type “bsmsdisp” (pronounced as “B-S-M-S-disp”) in the command line to ensure spinning is not active. If the “SPIN” button is green, click it to deactivate spinning [1-LM].
2.8.1. 55547_screenshot_2.8.1 – Authors, please provide a screenshot of showing “bsmsdisp” typed in the command line and the resulting window showing that the SPIN button is not green.  Editors, please use a zoom bubble to emphasize “bsmsdisp” as narrated.  Then use the zoom bubble to emphasize the “SPIN” button in the BSMS window as narrated.
2.9. After typing the command “new” to create a new data set, enter a name for the data set in the “NAME” tab… [1-LM] and the experiment number in the “experiment number” tab, titled E-X-P-N-O [2-LM]. 
2.9.1.   55547_screenshot_2.9.1-2.10.2 – Authors, please provide a screenshot showing “new” typed in, as well as the name tab, EXPNO tab, PROCNO tab, and TITLE tab with all of the selections indicated in steps 2.9.1-2.10.2.  Editors, please use a zoom bubble to emphasize the name of the dataset as narrated.
2.9.2.   55547_screenshot_2.9.1-2.10.2 - Editors, please use a zoom bubble to emphasize the experiment number as narrated.
2.10. Use number “1” in the “process number” tab, titled P-R-O-C-N-O [1-LM].  Write the title of the experiment in the “TITLE” tab and click “OK” [2-LM-TXT]. In the “Experiment” tab, hit “Select” and choose the “C-thirteen-I-G” parameter file. Then, hit “Set selected item in editor”. [3-LM].
2.10.1.  55547_screenshot_2.9.1-2.10.2 - Editors, please use a zoom bubble to emphasize the selected “1”.
2.10.2. 55547_screenshot_2.9.1-2.10.2 - Editors, please use a zoom bubble to emphasize the title name as narrated and then the “OK” button as narrated.  TEXT Overlay: see text for more information 
2.10.3. 55547_screenshot_2.10.3 – Authors, please provide a screenshot showing the Experiment tab with the “C13IG” selected. - Editors, please use a zoom bubble to emphasize “C13IG” as narrated.
2.11. Type “getprosol” (pronounced as “get-pro-sol”) in the command line to obtain the standard parameters for the current NMR probe and solvent [1-LM].
2.11.1. 55547_screenshot_2.11.1 –Authors, please provide a screenshot showing “getprosol” typed into the command line.  Editors, please use a zoom bubble to emphasize “getprosol” as narrated.
2.12. Then, type the command “atma” (pronounced as “A-T-M-A”) to perform automatic tuning and matching of the probe for both carbon and proton nuclei [1-LM].
2.12.1. 55547_screenshot_2.12.1 –Authors, please provide a screenshot showing “atma” typed into the command line.  Editors, please use a zoom bubble to emphasize “atma” as narrated.
2.13. Next, perform one-dimensional gradient shimming to achieve a highly homogeneous magnetic field, and thus optimum line shape for the NMR signals [1-LM].  
2.13.1. Talent works at the NMR control computer.
2.14. To do so, use the standard automatic procedure for 1D shimming, simply by sequentially executing the commands “qu topshim 1dfast ss” (pronounced as “Q-U-top-shim one-D-fast S-S”), “qu topshim tuneb ss” (pronounced as “Q-U-top-shim tune-B S-S”), and “qu topshim report” in the command line [1-LM]. 
2.14.1. 55547_screenshot_2.14.1 –Authors, please provide a screenshot showing “qu topshim 1dfast ss”, “qu topshim tuneb ss”, and “qu topshim report” typed into the command line and the shimming in the window above.  Editors, please use a zoom bubble to emphasize the command line and, staying zoomed in, highlight each of the following terms as narrated: “qu topshim 1dfast ss”, “qu topshim tuneb ss”, and “qu topshim report.”  
3. Acquisition of the NMR Data
3.1. After parameter optimization as described in the text protocol, acquire one-dimensional carbon NMR Spectra [1-MED-TXT].
3.1.1. Talent working at the NMR control computer.  TEXT Overlay: see text for 13C-NMR spectra acquisition
3.2. To do so, go to the carbon data set and use an inverse gated decoupled pulse sequence by typing “pulprog zgig” (pronounced as “pull-prog (like frog)-Z-G-I-G”) in the command line [1-LM]. 
3.2.1. 55547_screenshot_3.2.1 –Authors, please provide a screenshot showing “pulprog zgig” typed into the command line and the window above.  Editors, please use a zoom bubble to emphasize “pulprog zgig” as narrated.  
3.3. Type commands on the command line to set up the spectral width in ppm… the center of the RF transmitter… the number of scans… the number of dummy scans… the number of data points… and the pulse duration for a 90 degree pulse angle [1-LM].
3.3.1. 55547_screenshot_3.3.1 –Authors, please provide a screenshot showing “sw 200”, “o1p 95”, “ns 16” “ds 2”, “td 64K” and “p1 (or whatever value is input here)” typed into the command line and the window above.  Editors, please use a zoom bubble to emphasize the command line.  While zoomed in, highlight “sw 200” as “spectral width in ppm” is narrated, highlight “o1p 95” as “center of the RF transmitter” is narrated, highlight “ns 16” as the number of scans is highlighted, highlight “ds 2” as the number of dummy scans is highlighted, highlight “td 64K” as the number of data points is narrated, and highlight “p1” (or whatever value is next to p) as “the pulse duration for a 90º pulse angle” is narrated.   
3.4. Type “digmod baseopt” (pronounced as “didge-mod base-opt”) in the command line to acquire a spectrum with an improved baseline [1-LM].
3.4.1. 55547_screenshot_3.4.1 –Authors, please provide a screenshot showing “digmod baseopt” typed into the command line and the window above.  Editors, please use a zoom bubble to emphasize the “digmod baseopt” in the command line as it is narrated.  
3.5. Then, set a relaxation delay of 60 seconds for the 850 Mega Hertz instrument by typing “d1 60s” in the command line [1-LM].   
3.5.1. 55547_screenshot_3.5.1 –Authors, please provide a screenshot showing “d1 60s”  typed into the command line and the window above.  Editors, please use a zoom bubble to emphasize the “d1 60s” in the command line as it is narrated.  
3.6. Set the receiver gain to an appropriate value using the command “rga” for automatic calculation of receiver gain [1-LM].  Finally, start the acquisition by typing the pulse-acquire command “zg” in the command line [2-LM]. 
3.6.1. 55547_screenshot_3.6.1 –Authors, please provide a screenshot showing “rga” typed into the command line and the window above.  Editors, please use a zoom bubble to emphasize the “rga” in the command line as it is narrated.  
3.6.2. 55547_screenshot_3.6.2 –Authors, please provide a screenshot showing “zg” typed into the command line and the window above.  Editors, please use a zoom bubble to emphasize the “zg” in the command line as it is narrated.  
4. Processing and Analysis of the NMR Data
Editors, please use the zoom bubble to highlight the action being performed.
4.1. To process the data, first type “si 64K” in the command line to apply zero-filling and set the size of the real spectrum to 64K.  Then, set the line broadening parameter to 1.0 Hertz by typing “lb 1.0” in the command line to apply a weighting function with a line broadening factor of 1.0 Hertz prior to Fourier transform [1-SCREEN].  
4.1.1. 55547_Hatzakis_SCREEN_4.1.1 – Screen capture movie as talent types “si 64K” in the command line.  Then, as talent types “lb 1.0” in the command line.
4.2. Execute Fourier-transformation by typing “efp” in the command line.  Next, perform Automatic phase correction by typing the command “apk” in the command line [1-SCREEN].
4.2.1. 55547_Hatzakis_SCREEN_4.2.1 – Screen capture movie as talent types “efp” in the command line.  Then talent types “apk” in the command line.
4.3. If additional phase adjustments are required to further improve the spectrum, click on the “Process tab.”  Then, click on the “Adjust Phase” icon and the phase correction icons for zero-order and first-order phase correction [1-SCREEN].  
4.3.1. 55547_Hatzakis_SCREEN_4.3.1 – Screen capture movie as talent clicks on the “Process tab,” and then clicks on the “Adjust Phase” icon and then the phase correction icons for zero-order and first-order phase correction
4.4. While clicking on the zero-order and first-order phase correction icons, drag the mouse until all of the signals are in positive absorption mode.  Apply and save the phase correction values by clicking the “Return and save” button to exit the phase correction mode [1-SCREEN].
4.4.1. 55547_Hatzakis_SCREEN_4.4.1 – Screen capture movie as talent clicks on the zero-order and first-order phase correction icons, and drags the mouse until all of the signals are in positive absorption mode.  Talent applies and saves the phase correction values by clicking the “Return and save” button to exit the phase correction mode.
4.5. Apply a polynomial fourth-order function for base-line correction upon integration by typing the command “abs n”(-pronounced “A-B-S N”) in the command line.  To report chemical shifts in ppm from TMS, zoom in on the TMS signal, then click on the calibration icon and place the cursor with the red line on top of the NMR signal to be referenced, TMS in this case. To adjust the threshold intensity, use the middle mouse button if needed. Left click and type in “zero” [1-SCREEN-TXT].
4.5.1. 55547_Hatzakis_SCREEN_4.5.1 – Screen capture movie as talent types “abs n” in the command line.  Then talent clicks on the calibration icon, and places the cursor with the red line on top of the NMR signal to be referenced.  Talent left clicks and types in “0.”  TEXT Overlay (as second sentence is narrated): δ = 0 at tetramethylsilane (TMS) signal
4.6. When using BHT as an internal standard, integrate the peak at delta 151.45 extending 5 Hertz from each side of the peak.  Then, set the integral equal to the micromoles of BHT per 0.5 milliliter of the stock solution.  Integrate the peaks of interest extending 5 Hertz from each side of the peak [1-SCREEN]. 
4.6.1. 55547_Hatzakis_SCREEN_4.6.1 – Screen capture movie as talent integrates the peak at delta 151.45 and sets the integral equal to the micromoles of BHT per 0.5 milliliter of the stock solution.  Then talent integrates the peaks of interest extending 5 Hertz from each side of the peak.
4.7. If there is a need to focus on a region, click on the highlight icon to deactivate it.  Then, left click and drag to zoom in on the region. Click on the highlight icon again to make the integration function active and move to the next peak. Left click and drag the cursor through the integral. Click the “Return, save regions” button.  [1-SCREEN]. 
4.7.1. 55547_Hatzakis_SCREEN_4.7.1 – Screen capture movie as talent left clicks and drags the cursor through the integral.  Then talent clicks on the highlight icon to deactivate it.  Then talent left clicks and drags to zoom in on the region.  Talent clicks on the highlight icon again to make the integration function active and moves to the next peak
5. Results: Lipid Profile of Fish Oil Supplements 
5.1. Shown here is a representative spectrum of the carbon-NMR analysis in the carbonyl carbon region [1-LM].  The NMR signals of EPA and DHA on the sn-1,3… [2-LM-TXT] and sn-2 positions are shown [3-LM-TXT]. These signals can be used for the quantitative determination of EPA and DHA [4-LM]. 
5.1.1. 13C carbonyl_carbon-ppt
5.1.2. 13C carbonyl_carbon-ppt.  Editors, please highlight the “sn-1,3” peaks for EPA and DHA.  TEXT Overlay: EPA = eicosapentaenoic acid, DHA = docosahexaenoic acid
5.1.3. 13C carbonyl_carbon-ppt.  Editors, please highlight the “sn-2” peaks for EPA and DHA.  TEXT Overlay: EPA = eicosapentaenoic acid, DHA = docosahexaenoic acid
5.1.4. 13C carbonyl_carbon-ppt.  Editors, please remove highlighting and show the figure on its own.  
5.2. Shown here is a representative spectrum of the proton-NMR analysis [1-LM].  The NMR signals of EPA and DHA that can be used for their determination are shown [2-LM].  
5.2.1. 1H spectrum.ppt
5.2.2. 1H spectrum.ppt Editors, please highlight the peak labeled “EPA” as narrated and then also highlight the peak labeled “DHA” as narrated.
5.3. The proton NMR spectrum is characterized by a narrower spectral width as compared to the carbon NMR spectrum, and thus a lower spectral resolution [1-LM].
5.3.1. 1H spectrum.ppt - Editors, please remove highlighting and show the figure on its own.  
6. Conclusion (said by authors on camera)

6.1. Kathryn Williamson: Once mastered, this technique can be done in less than 30 minutes if it is performed properly [1-MED].
6.1.1. Kathryn speaks toward the camera, interview style.
6.2. Kathryn Williamson: After its development, this technique paved the way for researchers in the field of lipid analysis to rapidly analyze various lipid components that appear in multi-component matrices such as dietary supplements, vegetable oil and biofuels [1-MED]. 
6.2.1. Kathryn speaks toward the camera, interview style.
6.3. Kathryn Williamson: After watching this video, you should have a good understanding of how to apply 1H and 13C NMR spectroscopy for the analysis of the lipid profile of fish oil supplements [1-MED].
6.3.1. Kathryn speaks toward the camera, interview style.
6.4. Kathryn Williamson: Don't forget that working with strong magnetic fields produced by NMR spectrometers can be extremely hazardous to pacemakers and surgical prostheses as well as electronic items such as credit cards and watches [1-MED].
6.4.1. Kathryn speaks toward the camera, interview style. 
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.  

Screen Capture Snapshots:
55547_screenshot_2.7.1 – Authors, please provide a screenshot of “lock” typed into the command line and “CDCl3” selected on the solvent’s list.   
55547_screenshot_2.8.1 – Authors, please provide a screenshot of showing “bsmsdisp” typed in the command line and the resulting window showing that the SPIN button is not green.   
55547_screenshot_2.9.1 –Authors, please provide a screenshot showing the name tab with the name of the data set entered.   
55547_screenshot_2.9.2 –Authors, please provide a screenshot showing the EXPNO tab with the experiment number entered.   
55547_screenshot_2.10.1 –Authors, please provide a screenshot showing the PROCNO tab with number “1” selected.  
55547_screenshot_2.10.2 –Authors, please provide a screenshot showing the Experiment tab with the “C13IG” selected.   
55547_screenshot_2.10.3 –Authors, please provide a screenshot showing the title tab with the title of the experiment and the cursor on the “OK” button.  
55547_screenshot_2.11.1 –Authors, please provide a screenshot showing “getprosol” typed into the command line.   
55547_screenshot_2.12.1 –Authors, please provide a screenshot showing “atma” typed into the command line.   
55547_screenshot_2.14.1 –Authors, please provide a screenshot showing “qu topshim 1dfast ss”, “qu topshim tuneb ss”, and “qu topshim report” typed into the command line and the shimming in the window above.   
55547_screenshot_3.2.1 –Authors, please provide a screenshot showing “pulprog zgig” typed into the command line and the window above.   
55547_screenshot_3.3.1 –Authors, please provide a screenshot showing “sw 200”, “o1p 95”, “ns 16” “ds 2”, “td 64K” and “p1 (or whatever value is input here)” typed into the command line and the window above.   
55547_screenshot_3.4.1 –Authors, please provide a screenshot showing “digmod baseopt” typed into the command line and the window above. 
55547_screenshot_3.5.1 –Authors, please provide a screenshot showing “d1 60s”  typed into the command line and the window above.   
55547_screenshot_3.6.1 –Authors, please provide a screenshot showing “rga” typed into the command line and the window above.   
55547_screenshot_3.6.2 –Authors, please provide a screenshot showing “zg” typed into the command line and the window above.     
SCREEN Capture Movies:
55547_Hatzakis_SCREEN_4.1.1 – Screen capture movie as talent types “si 64K” in the command line.  Then, as talent types “lb 1.0” in the command line.
55547_Hatzakis_SCREEN_4.2.1 – Screen capture movie as talent types “efp” in the command line.  Then talent types “apk” in the command line.
55547_Hatzakis_SCREEN_4.3.1 – Screen capture movie as talent clicks on the “Process tab,” and then clicks on the “Adjust Phase” icon and then the phase correction icons for zero-order and first-order phase correction
55547_Hatzakis_SCREEN_4.4.1 – Screen capture movie as talent clicks on the zero-order and first-order phase correction icons, and drags the mouse until all of the signals are in positive absorption mode.  Talent applies and saves the phase correction values by clicking the “Return and save” button to exit the phase correction mode.
55547_Hatzakis_SCREEN_4.5.1 – Screen capture movie as talent types “abs n” in the command line.  Then talent clicks on the calibration icon, and places the cursor with the red line on top of the NMR signal to be referenced.  Talent left clicks and types in “0.”   
55547_Hatzakis_SCREEN_4.6.1 – Screen capture movie as talent integrates the peak at delta 151.45 and sets the integral equal to the micromoles of BHT per 0.5 milliliter of the stock solution.  Then talent integrates the peaks of interest extending 5 Hertz from each side of the peak.
55547_Hatzakis_SCREEN_4.7.1 – Screen capture movie as talent left clicks and drags the cursor through the integral.  Then talent clicks on the highlight icon to deactivate it.  Then talent left clicks and drags to zoom in on the region.  Talent clicks on the highlight icon again to make the integration function active and moves to the next peak
Figures:
13C carbonyl_carbon-ppt.   
1H spectrum.ppt
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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