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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_NO________  (If you can record images/videos using your own camera/software, then mark No)   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)Yes, but not to be recorded due to length.________ 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 

1.1.1, 1.2, 1.3, 1.4, 1.6, 2.1.2
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 to be filmed by their protocol numbers. (Please do not list an entire section.) Ensuring proper loading/incubation/vortexing corresponding to steps 1.1.1, 1.4 

E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? They are located in adjacent but connected buildings 6 floors apart. 
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 single-filter based workflow is to easily and quantitatively purify N-glycans and proteins in tandem from biological samples for mass spectrometry analysis. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. David Muddiman: The scalability, speed, and analytical reproducibility of this method makes it directly accessible, in regards to resources and skillsets, to biological mass spectrometry laboratories [1.1.1 – MED]. 

1.1.1. David speaks toward the camera, interview style.

1.2. David Muddiman: The main advantage of this technique is that it allows researchers to investigate glycomics, glycosylation site occupancy, and proteomics questions simultaneously in large scale, high-throughput biological studies [1.2.1 – MED].   

1.2.1. David speaks toward the camera, interview style.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Elizabeth Hecht: We have overcome the challenges of N-glycan measurements through coupling of this method to a mass-spectrometry tailored derivatization strategy, resulting in accurate relative quantification between cancer and control states [1.3.1 – MED].
1.3.1. Elizabeth speaks toward the camera, interview style.

1.4. James McCord: With reduced analytical variability, new biological interactions may be elucidated between the glycome and proteome, yielding key insights into disease states and new opportunities for biomarker discovery [1.4.1 – MED]. 

1.4.1. James speaks toward the camera, interview style.

Protocol (read by voice talent at JoVE):
2. Protein and Glycoprotein Denaturation and Alkylation
2.1. To begin, load 2.5 microliters of plasma onto a filter [2.1.1 – MED – TXT].  Then, add 2 microliters of 1 molar dithiothreitol solution to each sample in the filter [2.1.2 – CU].  Dilute the sample with 200 microliters of 100 milliMolar ammonium bicarbonate PNGase digest buffer [2.1.3 – MED-over the shoulder]. 
2.1.1. Talent loads 2.5 microliters of plasma onto a filter.  TEXT Overlay: 25 – 250 (g protein
2.1.2. Filter with sample as talent places 2 microliters of 1 molar dithiothreitol solution there.
2.1.3. Talent dilutes the sample with ammonium bicarbonate PNGase digest buffer.  Use labeled containers.
2.2. Cap the filter sample tube and lightly vortex, being careful not to disturb the filter from its seat [2.2.1 – CU].  Incubate the sample at 56 degrees Celsius for 30 minutes to denature the proteins and glycoproteins [2.2.2 – MED-over the shoulder].
2.2.1. Filter sample tube as talent caps and lightly vortexes.
2.2.2. Talent places the sample at 56 degrees Celsius.
2.3. To alkylate the samples, add 50 microliters of 1 Molar Iodoacetamide (pronounced as “ahy-oh-duh uh-set-uh-mahyd”), to give a final concentration of approximately 200 milliMolar [2.3.1 – CU].  Then, incubate at 37 degrees Celsius for 60 minutes [2.3.2 – MED-over the shoulder].
2.3.1. Sample as talent adds 50 microliters of 1 Molar Iodoacetamide from a labeled container.
2.3.2. Talent leaves the sample to incubate.
2.4. Concentrate the denatured glycoprotein onto the filter by centrifuging the samples at 14,000 x g for 40 minutes before discarding the flow through [2.4.1 – MED]. 
2.4.1. Talent places the sample and filter into the centrifuge.  
3. N-linked Glycan Enzymatic Digestion
3.1. Wash the sample with 100 microliters of PNGase digest buffer [3.1.1 – CU].  Concentrate the glycoprotein on the filter and discard the flow through [3.1.2 – MED-over the shoulder – TXT].
3.1.1. Sample as talent pipettes 100 microliters of PNGase digest buffer to wash it.
3.1.2. Talent places the sample into the centrifuge.  TEXT Overlay: 14,000 x g for 20 min
3.2. Repeat the wash and concentrate step twice, for a total of three times, yielding a concentrate in the filter dead volume [3.2.1 – CU or ECU – TXT].  Discard all the flow-through and the collection vial once the washes are complete [3.2.2 – MED-over the shoulder].
3.2.1. Talent displays the filter to the camera to show the filter dead volume.  TEXT Overlay: wash 3x, ~5uL dead volume
3.2.2. Talent discards the flow-through and collection vial.
3.3. Then, add 2 microliters of glycerol-free peptide-N-glycosidase (pronounced as “glahy-kuh-sahy-deys”) F, or PNGase F, to the filter after transferring to a fresh collection vial [3.3.1 – CU – TXT].  Add 98 microliters of PNGase digest buffer, bringing the total volume to 100 microliters, and gently pipette up and down on the filter to mix [3.3.2 – MED-over the shoulder].  
3.3.1. Filter in fresh collection vial as talent adds glycerol-free PNGase F.  TEXT Overlay: 75,000 x units/ml PNGase F
3.3.2. Talent adds PNGase digest buffer and pipettes up and down on the filter to mix.
3.4. For the spike-in digestion protocol, incubate the samples at 50 degrees Celsius for 2 hours [3.4.1 – MED – TXT]. 
3.4.1. Talent places the samples into an incubator.  TEXT Overlay: see text for Glycomics-only and Microwave digestion protocol
3.5. Working quickly, remove the samples and spike in an additional 2 microliters of glycerol-free PNGase F [3.5.1 – CU].  Lightly vortex the samples for 1 to 2 seconds to mix [3.5.2 – MED-over the shoulder].  Incubate the samples at 50 degrees Celsius for an additional 2 hours [3.5.3 – MED].
3.5.1. Samples as talent adds 2 microliters of glycerol-free PNGase F. 
3.5.2. Talent vortexes the samples.
3.5.3. Talent places the samples at 50 degrees Celsius.
4. Elution of N-glycans and Protein Filter Aided Sample Preparation (FASP) Digestion
4.1. After eluting glycans by centrifuging the sample at 20 degrees Celsius, add 100 microliters of PNGase digest buffer to the filter and centrifuge again [4.1.1 – MED – TXT].
4.1.1. Talent adds 100 microliters of PNGase digest buffer to the sample.  TEXT Overlay: 14,000 x g for 20 min, 20 ºC
4.2. Collect the wash containing any remaining N-linked glycan, in the same collection vial as the eluent [4.2.1 – CU].  After repeating twice, remove the filter and place in a new collection vial for proteomics preparation [4.2.2 – MED-over the shoulder].
4.2.1. Filter with collection vial as talent pulls out of the centrifuge and displays to the camera.
4.2.2. Talent places a new vial onto the filter.
4.3. Next, incubate the glycan samples in the minus 80 degree Celsius freezer for 30 to 60 minutes until frozen [4.3.1 – CU].  Then, dry to completion, at room temperature, in a vacuum concentrator for four to six hours [4.3.2 – MED-over the shoulder].
4.3.1. Glycan samples as talent places into the -80 degree Celsius freezer.  
4.3.2. Talent places the sample into a vacuum concentrator.  
4.4. Rinse the filter, containing the deamidated (pronounced as “dee-am-i-deyt-ed”) peptides, with 400 microliters of 8 Molar urea buffer [4.4.1 – CU].  Cap the collection vial and lightly vortex to mix [4.4.2 – MED-over the shoulder].  Concentrate the peptides on the filter before discarding all the flow-through [4.4.3 – MED – TXT].
4.4.1. Filter as talent rinses with 400 microliters of 8 Molar urea buffer.
4.4.2. Talent caps the collection vial and lightly vortexes.
4.4.3. Talent places the filter into the centrifuge, shuts lid and starts run.  TEXT Overlay: 14,000 x g for 15 minutes
4.5. After repeating the urea buffer wash twice more, rinse the filter, containing the deamidated peptides, with trypsin digest buffer [4.5.1 – CU – TXT].  Cap the collection vial and lightly vortex to mix before concentrating on the filter again as before [4.5.2 – MED-over the shoulder].  
4.5.1. Filter as talent rinses with trypsin digest buffer.  TEXT Overlay: trypsin digest buffer = 400 µL 2 M urea, 10 mM CaCl2 buffer
4.5.2. Talent caps the collection vial and lightly vortexes.
4.6. Discard all flow-through and repeat two additional times, for a total of three trypsin digest buffer washes [4.6.1 – MED].  Collect all future eluents and washes in a new collection vial [4.6.2 – CU].
4.6.1. Talent discards the flow-through and begins to wash again with trypsin digest buffer.
4.6.2. Filter as talent places a new collection vial on it.
4.7. Then, add 50 microliters of porcine modified trypsin in a 1 to 50 trypsin to protein ratio for discovery proteomics or a 1 to 5 trypsin to protein ratio for quantitative proteomics experiments [4.7.1 – MED-over the shoulder].  Cap the collection vial and lightly vortex to mix [4.7.2 – CU].
4.7.1. Talent adds 50 microliters of porcine modified trypsin in a 1 to 50 trypsin to protein ratio for discovery proteomics.
4.7.2. Collection vial as talent caps and lightly vortexes.
4.8. After incubating the samples at 37 degrees Celsius for 2 hours, work quickly to remove the samples and spike in an additional 50 microliters of trypsin at the appropriate trypsin to protein ratio [4.8.1 – MED].  
4.8.1. Talent removes the samples from the minus 80 freezer and spikes an additional 50 microliters of trypsin in.  
4.9. Lightly vortex the samples for 1 to 2 seconds to mix [4.9.1 – MED-over the shoulder].  Then, incubate at 50 degrees Celsius for an additional 2 hours [4.9.2 – CU].
4.9.1. Talent vortexes the samples to mix.
4.9.2. Samples as talent places at 50 degrees Celsius to incubate.
4.10. Following elution of the peptides by centrifuging as before for 20 minutes, rinse the remaining peptides from the filter with quench buffer [4.10.1 – MED-over the shoulder – TXT].  Elute off the filter by centrifuging as before for 15 minutes [4.10.2 – MED].
4.10.1. Talent rinses the filter with quench buffer.  Use a labeled container.  TEXT Overlay: quench buffer = 400 µL 1% formic acid and 0.001% Zwittergent 3-16
4.10.2. Talent places the sample into the centrifuge.
4.11. After quantifying the peptide concentration in the samples, incubate the peptide samples in the minus 80 degree Celsius freezer until frozen [4.11.1 – MED-over the shoulder].  Then, dry to completion, at room temperature, in a vacuum concentrator for four to six hours [4.11.2 – CU].
4.11.1. Talent places the peptide samples into the minus 80 degree Celsius freezer.  
4.11.2. Samples as talent places in a vacuum concentrator.
4.12. Resuspend the tryptic proteins just prior to liquid chromatography-mass spectrometry, or LC-MS, analysis in mobile phase A to the desired concentration [4.12.1 – MED – TXT].  Tryptic peptide concentrations from 2.5 microliters plasma range from 100 to 300 nanograms per microliters [4.12.2 – CU].
4.12.1. Talent aspirates mobile phase A into a pipette and motions to resuspend the tryptic peptides.  Continue action in next shot.  TEXT Overlay: mobile phase A (MPA) = 2 % acetonitrile, 98 % H2O, and 0.1% formic acid
4.12.2. Sample as talent resuspends in mobile phase A.
5. Derivatization of N-linked glycans with hydrophobic hydrazide tags
5.1. Prior to glycan analysis, reconstitute the dried stabile isotope labeled 4-phenethyl-benzohydrazide (pronounced as “fen-eth-uh l ben-zoh hahy-dra-zyde”) reagents, as well as the native P2GPN reagents in 1 milliliter of derivatization solution, for a final concentration of 0.25 milligrams per milliliter [5.1.1 – MED-over the shoulder – TXT].
5.1.1. Talent reconstitutes the SIL and NAT P2GPN reagents in derivatization solution.  Use labeled containers.  TEXT Overlay:  Derivatization solution = 75:25 MeOH:Acetic Acid 
5.2. Reagents will take up to 10 minutes to fully solubilize.  Extensively vortex to ensure complete solubilization [5.2.1 – CU].
5.2.1. Sample as talent vortexes them.
5.3. Tag the dried N-glycans with 200 microliters of stable isotope labeled or native P2GPN reagent [5.3.1 – MED-over the shoulder].  Pipette up and down to resuspend the dried glycans [5.3.2 – CU].  Then, vortex the samples and spin down for approximately 5 seconds on a bench-top centrifuge [5.3.3 – MED].
5.3.1. Talent adds 200 microliters of SIL or NAT P2GPN reagent to the N-glycans.  
5.3.2. Sample as talent pipettes up and down.
5.3.3. Talent places the vortexed samples into a bench-top centrifuge.
5.4. React the glycans with the reagent for 3 hours at 56 degrees Celsius [5.4.1 – MED-over the shoulder].  Immediately transfer the glycans from the incubator to the vacuum concentrator and dry to completion at 55 degrees Celsius for 3 to 5 hours [5.4.2 – MED].
5.4.1. Talent leaves the samples in a 56 degree Celsius incubator.
5.4.2. Talent transfers the samples to a vacuum concentrator.
5.5. Resuspend the tagged N-glycans in 25 to 50 microliters of water just prior to liquid chromatography and mass spectrometry analysis.  Pipette up and down to ensure N-glycans are fully solubilized [5.5.1 – CU].
5.5.1. Samples as talent resuspends in water and pipettes up and down.
5.6. After centrifuging samples as before for 5 minutes, remove the supernatant, being careful not to let the tip of the pipette touch the bottom of the centrifuge tube [5.6.1 – MED-over the shoulder].  Combine a pair of native and stable isotope labeled samples in a 1 to 1 ratio for relative quantification tandem analysis [5.6.2 – MED].
5.6.1. Talent removes the supernatant, taking care not to let the tip of the pipette touch the bottom of the centrifuge tube.
5.6.2. Talent combines the NAT and SIL samples.
6. Ultra-High Pressure Liquid Chromatography and Mass Spectrometry Analysis
We did have some revision to Section 6 due to the way our instrument performs injections. The videographer recorded MED shots of the instrument being operated through the computer
6.1. Prepare two different LC-MS methods for the proteomics and glycomics workflows [6.1.1 – Title Card].
6.1.1. Title Card
6.2. For protein analysis, inject approximately 400 nanograms of protein onto the column in MPA [6.2.1 – MED].  Run the sample at 300 nanoliters per minute with a 1 microliter pre-column equilibration and a 5 microliter analytical column equilibration [6.2.2 – MED-over the shoulder – TXT] 
6.2.1. Talent injects 400 ng of protein onto the column in MPA.  Additional screen capture footage
6.2.2. Talent starts the experiment through the coupled computer.  TEXT Overlay: see table 1 in text  Additional screen capture footage
6.3. Ionize the proteins under the MS conditions provided in the text protocol [6.3.1 – MED – TXT]
6.3.1. Talent ionizes the proteins under the MS conditions on the coupled computer.  TEXT Overlay: see table 2 in text
6.4. For glycan analysis, inject 5 microliters of resuspended P2GPN tagged native and stable isotope labeled equimolar samples onto the column [6.4.1 – CU].  Run the sample at 300 nanoliters per minute with a 2 microliter pre-column equilibration and a 5 microliter analytical column equilibration [6.4.2 – MED-over the shoulder – TXT]. 
6.4.1. Sample as talent injects onto the column. Additional screen capture footage
6.4.2. Talent starts the run on the coupled computer.  TEXT Overlay: see table 3 in text Additional screen capture footage
6.5. Then, ionize the glycans under the MS conditions provided in the text protocol [6.5.1 – MED or WIDE – TXT].
6.5.1. Talent sets up the MS at the coupled computer. TEXT Overlay: see table 4 in text
7. Results: Analysis of the glycomics and proteomics combined purification strategy
7.1. The filter based purification protocol was compared to the standard solid phase extraction method and the abundances of plasma glycans detected between the two protocols were not significantly different.  In both methods the same glycans fell near the limit of detection, where variability increases [7.1.1 – LM].

7.1.1. 53735_Muddiman_Figure 2.tif 

7.2. The intra-variability for equimolar mixtures of plasma, purified by the filter based or standard solid phase extraction protocol was assessed.  Both protocols had Gaussian distributions whose means were not significantly different from zero.  80% of the glycans fell within a two-fold change [7.2.1 – LM]. 

7.2.1. 53735_Muddiman_Figure 3_noABlabel.tif.  Authors, please submit a different version of this figure with the “A” and “B” labels removed.  Editors, please highlight the top plot as “filter based” is narrated, and the bottom plot as “standard solid phase extraction” is narrated.
7.3. The molecular weight distribution of glycans detected in the new and traditional purification protocols were not significantly different and covered the same range. Qualitatively, no bias between glycans was observed [7.3.1 – LM].

7.3.1. 53735_Muddiman_Figure 4.tif 

7.4. Plasma proteins were prepared by standard filter aided sample preparation and multiple in-line protocols.  The number of proteins identified was similar for the various protocols [7.4.1 – LM].  Non-specific deamidation was controlled in microwave digestion and spike in digestion protocols to less than 10% [7.4.2 – LM].
7.4.1. 53735_Muddiman_Table 5.tif – Editors, please highlight the top row as “filter aided sample preparation” is narrated.    
7.4.2. 53735_Muddiman_Table 5.tif 
8. Conclusion (said by authors on camera)
8.1. James McCord: While attempting this procedure, it’s important to remember that accurate glycosylation site occupancy is contingent on minimizing heat and time exposure [8.1.1 – MED].
8.1.1. James speaks toward the camera, interview style.
8.2. James McCord: Once mastered, the in-line protein and glycan purification can be completed in two days [8.2.1 – MED].
8.2.1. James speaks toward the camera, interview style.
8.3. Elizabeth Hecht: By following this procedure, accurate protein and glycan quantification and glycosylation site occupancy can be integrated and modeled using higher-order statistical techniques [8.3.1 – MED].

8.3.1. Elizabeth speaks toward the camera, interview style.
8.4. David Muddiman:  This technique affords the ability to quickly read back the complex language that cancer biology speaks, quantitatively compare differences in protein therapeutics, and truly reveal the importance of glycosylation in a biological context [8.4.1 – MED].  

8.4.1. David 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.  

53735_Muddiman_Figure 2.tif 

53735_Muddiman_Figure 3_noABlabel.tif - Authors, please submit a different version of this figure with the “A” and “B” labels removed.    
53735_Muddiman_Figure 4.tif 

53735_Muddiman_Table 5.tif
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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