Submission ID #: 51840
Editor Name: Melissa Ceo
Videographer name:
Film Date: 

Authors and Affiliations: 
David B. Nix1,2, Tadahiro Kumagai1, Toshihiko Katoh1,3, Michael Tiemeyer1,2, Kazuhiro Aoki1

1Complex Carbohydrate Research Center
 University of Georgia
 Athens, GA 

2Department of Biochemistry and Molecular Biology
 University of Georgia
 Athens, GA

3Research Institute for Bioresources and Biotechnology
 Ishikawa Prefectural University
 Nonoichi, Ishikawa 921-8836, Japan

Title: Improved In-Gel Reductive β-Elimination for Comprehensive O-Linked and Sulfo-Glycomics by Mass Spectrometry

Corresponding Author: 

Kazuhiro Aoki: kaoki@ccrc.uga.edu

Co-authors:

David B. Nix: dnix@bmb.uga.edu

Tadahiro Kumagai: tkuma@ccrc.uga.edu

Toshihiko Katoh: tkatoh@ishikawa-pu.ac.jp

Michael Tiemeyer: mtiemeyer@ccrc.uga.edu


A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N  (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) N 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 using the step numbers listed in this document. 2.2, 2.5, 3.1, 3.2, 3.3, 4.1, 4.3-4.5, 5.1-5.4
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.  Permethylation – steps 5.1-5.4
E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations? ___________________________________________________

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 harvest O-linked glycans. (Intro)

This is accomplished by first resolving glycoproteins by SDS-PAGE. (P1, show gray rectangle with colored spots in P1 box. Make the green square around the top right purple spot appear. Then make gray rectangle disappear, leaving the green square on the screen. Then make the blue rectangle containing the squiggly images appear from the green square.)

The second step is to wash gel pieces containing the glycoprotein of interest. (P2, show test tube in P2 box. Make blue rectangle with squiggly images appear from tube. Make ACN and second tube appear to right of first tube. Then make EtOAc and third tube appear to right of ACN tube. Then make white rectangle containing squiggly images appear from solution in EtOAc tube.)

Next, the O-linked glycans are released by reductive beta-elimination. (P3, show white rectangle with squiggly images from P2 (layer 8). Show “Reductive beta-elimination” label and make blue and yellow shapes move out of rectangle to look like lower part of [2] in P3 box (layer 9).)

The final step is glycan permethylation with phase partition. (P4, show blue and yellow shapes from P3. Make blue circles appear behind each image to look like [1] in P4 box (layer 10). Show “Permethylation” label and make blue circles turn to yellow and yellow/blue to look like images in layer 11. Then show test tube to left of circles and move yellow and yellow/blue circles so that the yellow circles are on the bottom and yellow/blue circles are on top. Then make a blue rectangle appear behind top yellow/blue circles and yellow rectangle appear behind the bottom yellow circles. Finally make “Aqueous” and “Organic” labels appear (layer 12).)

Ultimately, permethylated glycans are analyzed by tandem mass spectrometry to detect structures and quantify abundances. (P5, show layer 12 image from P4. Then make black arrows appear followed by two mass spectra in P5 box.)

Video Editor: Use Jove-Schematic Overview.ai


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. David Nix: The main advantage of this technique over existing methods, like high performance liquid chromatography, is that our method separates neutral and charged permethylated glycans by a rapid phase partition.   
1.2. Toshihiko Katoh: This method can help answer key questions in the glycoscience field by allowing comprehensive characterization of O-linked glycans released from resolved glycoproteins.  


Protocol (read by voice talent at JoVE):
2. Gel Excision and Removal of Gel-Derived Contaminants
2.1. Prior to starting this procedure, resolve glycoproteins using gel electrophoresis. After electrophoresis, place the gel on a glass plate and excise the region of interest using a clean scalpel.  
2.1.1. MED: Talent carries gel containing resolved glycoproteins to lab bench.
2.1.2. MED MCU-over the shoulder: Talent places gel on glass plate and cuts region of interest with scalpel.
2.2. To increase the yield of O-glycans, transfer the gel band of interest onto another glass plate and cut the excised gel piece into approximately 2 millimeter cubes. Transfer the small gel pieces into a 13 by 100 millimeter screw top glass tube with a stainless steel microspatula.
2.2.1. MED CU: Talent transfers gel band onto another glass plate.
2.2.2. CU ECU: Gel piece as talent cuts it into smaller cubes.
2.2.3. MED-over the shoulder: Talent transfers cubes into glass tube with the microspatula.
2.3. Next, add 1 milliliter of 25 millimolar ammonium bicarbonate, or AMBIC (pronounced \‘am-bi[k]\), to the sample tube. After capping the tube with a Teflon-lined screw top cap, gently mix the contents by flicking the tube before letting it stand for 10 minutes (TEXT: Do not employ vigorous agitation to avoid ripping gel pieces). Then, carefully remove AMBIC from the glass tube using a Pasteur glass pipette. 
2.3.1. MED: Talent adds AMBIC solution to glass tube containing gel cubes.
2.3.2. MED-over the shoulder: Talent flicks glass tube to mix contents and places it on lab bench.
2.3.3. CU: Glass tube as talent removes AMBIC from it using pipette.
2.4. Add 1 millimeter of acetonitrile to the glass tube to completely cover the gel pieces. After capping the tube, gently mix the contents by flicking the tube before letting it stand for 10 minutes. When finished, remove the acetonitrile from the glass tube. 
2.4.1. MED: Talent adds acetonitrile to tube.
2.4.2. CU: Glass tube as talent flicks it to mix contents.
2.4.3. MED ECU: Talent removes acetonitrile from glass tube with pipette.  See ALT
2.5. After repeating the previous steps until the bright blue color is eliminated, add 2 milliliters of ethyl acetate and recap the tube. Place the tube at 4 degrees Celsius overnight with end-over-end agitation. 
2.5.1. MED-over the shoulder: Talent adds ethyl acetate to glass tube and caps it.
2.5.2. MED: Talent places tube on nutator in cold room and turns it on.
2.6. Once the ethyl acetate wash has been removed, perform three washes with 2 milliliters of deionized water. 
2.6.1. MED-over the shoulder: Talent adds water to tube.
3. In-Gel O-glycan Release by Reductive β-Elimination and Desalting on Cation-Exchange Chromatography
3.1. Once the gel pieces have been dried, add 500 microliters of a 100 millimolar sodium hydroxide solution and let stand for 3 to 5 minutes on ice to equilibrate the gel to the basic conditions that enhance glycan recovery.  
3.1.1. CU: Tube containing dried gel pieces as talent adds sodium hydroxide to it.
3.1.2. MED: Talent places tube on ice.
3.2. Following this, add 500 microliters of 2 molar sodium borohydride in 100 millimolar sodium hydroxide, resulting in final concentrations of 1 molar sodium borohydride in 100 millimolar sodium hydroxide. After gently mixing the tube, incubate the sample at 45 degrees Celsius for 18 hours. During the first hour of incubation, gently mix the tube every 15 minutes (TEXT: Avoid strong agitation, because it may fragment gel pieces).   
3.2.1. MED-over the shoulder: Talent adds sodium borohydride/sodium hydroxide solution to tube.  DO NOT USE TAKE 1
3.2.2. MED: Talent places tube in incubator.
3.2.3. MED-over the shoulder: Talent flicks tube to mix the contents.
3.3. After the beta elimination reaction is complete and the tube has been placed on ice, slowly add 10% acetic acid dropwise to neutralize the base. Gently vortex the sample tube between additions of acetic acid (TEXT: Add acid slowly and dropwise as addition produces “volcano” of bubbles). Centrifuge the tube to eliminate bubbles and prevent spillover, if necessary.
3.3.1. CU: Tube as talent adds acetic acid dropwise to it.
3.3.2. MED-over the shoulder: Talent briefly places tube on vortex mixer.
3.3.3. MED: Talent places tube in centrifuge, programs the appropriate settings, and turns it on. DO NOT USE TAKE 1
3.4. To make a small glass column, scratch and break the tip of a Pasteur glass pipette using a ceramic cutter so that the taper of the pipette tip is approximately 1 centimeter long. After teasing apart a plug of glass wool, push it towards the tip forming a support for the resin bed. Secure the pipette column with a clothespin and place over a glass test tube. 
3.4.1. MED-over the shoulder: Talent breaks glass pipette tip with ceramic cutter.
3.4.2. CU: Glass pipette as talent pushes plug of glass wool toward tip.
3.4.3. MED: Talent secures pipette column with clothespin and positions it over glass test tube.
3.5. Next, wash the empty pipette containing glass wool with 1 milliliter of methanol and 3 milliliters of 5% acetic acid. After swirling Dowex hydrogen cation exchange resin slurry in 5% acetic acid, transfer enough of it to produce a 1 milliliter bed volume in the Pasteur pipette column. 
3.5.1. 3.5.1 A MED-over the shoulder: Talent adds the appropriate reagents to the pipette. 
3.5.2. -> Slated as 3.5.1 take1, take2 CU: Pipette as talent adds resin slurry to it with pipette. 
3.6. Rinse the column using five volumes of 5% acetic acid, checking flow through for the appearance of resin particles (TEXT: Do not use column if resin is detected).
3.6.1. MED-over the shoulder: Talent adds acetic acid solution to pipette column.
3.6.2. MED: Talent checks flow through for resin particles.
3.7. After placing the column over a new 16 by 125 millimeter screw top glass tube, load the sample onto the column. Once the flow through has been collected, elute glycans with at least 3 volumes of 5% acetic acid into the same tube. 
3.7.1. CU: Pipette column as talent adds sample to it.
3.7.2. MED: Talent adds acetic acid solution to pipette column and continues to collect flow through in glass tube.
4. Borate Removal, C18 Clean-up and Base Preparation for Permethylation
4.1. Following lyophilization, add 300 microliters of 10% acetic acid in methanol to the dried sample tube. After vortexing, remove the resulting trimethyl borate by evaporation under a nitrogen stream at 37 degrees Celsius (TEXT: CAUTION: Mixing borate salts with methanol under acidic conditions produces volatile trimethyl borate).  
4.1.1. CU: Tube containing lyophilized sample as talent adds acetic acid solution to it and vortex the tube.
4.1.2. MED-over the shoulder: Talent places tube in a heat block and inserts adjustable head in tube to blow nitrogen on sample and evaporate trimethyl borate. 
4.2. After repeating the resuspension and drying steps at least four times, reconstitute the sample in 5% acetic acid. 
4.2.1. CU ECU: Tube containing sample as talent adds acetic acid solution to it and vortex the tube.
4.3. Once the sample has been loaded onto an equilibrated C18 column, collect the flow through into a 13 by 100 millimeter glass screw cap tube. Elute the O-glycans with 3 milliliters of 5% acetic acid into the same tube. Then, lyophilize the sample. 
4.3.1. MED: Talent loads the sample on C18 and collects flow through from column into glass tube.
4.3.2. MED-over the shoulder: Talent adds acetic acid solution to column and continues to collect flow through into same tube.
4.3.3. MED: Talent places tube on lyophilizer and turns it on.
4.4. To prepare the base reagent for permethylation, add 400 microliters of 50% sodium hydroxide to a clean 13 by 100 millimeter glass screw-top tube. Then, add 800 microliters of anhydrous methanol to the same tube. 
4.4.1. MED-over the shoulder: Talent adds sodium hydroxide solution to glass tube and vortex the tube.  DO NOT USE TAKE 1
4.4.2. CU: Glass tube as talent adds methanol to it.
4.5. Add 4 milliliters of anhydrous dimethyl sulfoxide and vortex to generate a white precipitate.
4.5.1. MED: Talent adds dimethyl sulfoxide to glass tube.
4.5.2. CU: Glass tube as talent mixes the solution on the vortex mixer to show the formation of the white precipitate.
4.6. Centrifuge the sample at 600 x g for 1 minute to pellet the precipitate. After discarding the supernatant and adding 4 milliliters of anhydrous dimethyl sulfoxide to the pellet, vortex the reagent. Repeat four more times until the base slurry becomes translucent.
4.6.1. Reuse shot 3.3.4 – use the part that shows turning the centrifuge on. Centrifuge the tube at 600 g.
4.6.2. MED-over the shoulder: Talent briefly removes the supernatant, adds 4 ml of DMSO and places tube on vortex mixer.
4.6.3. CU: Tube containing reagent to show translucent solution.
4.7. Dissolve the pelleted base in 3 milliliters of anhydrous dimethyl sulfoxide and gently mix by pipetting up-and-down with a clean Pasteur pipette. 
4.7.1. MED: Talent adds dimethyl sulfoxide to tube containing pelleted base.
4.7.2. CU: Tube as talent pipettes mixture up and down with pipette.
5. Permethylation of Released Glycans, C18 Clean-up and Mass Spectrometry Analysis
5.1. Next, add 200 microliters of anhydrous dimethyl sulfoxide to the dried sample and vortex to resuspend it (TEXT: Perform sonication if sample appears clumpy).  
5.1.1. MED-over the shoulder: Talent adds dimethyl sulfoxide to tube containing dried sample.
5.1.2. CU: Tube as the solution is mixing on vortex mixer.
5.2. Add 300 microliters of the resuspended base slurry to the sample and immediately add 100 microliters of iodomethane. Seal the tube with a Teflon-lined cap and vigorously mix for 5 minutes by vortex.
5.2.1. MED: Talent adds appropriate reagents to sample and puts cap on the tube.
5.2.2. MED-over the shoulder: Talent caps tube and briefly places the tube on vortex mixer.
5.3. To stop the permethylation reaction, place the tube on ice and add 2 milliliters of 5% acetic acid. After vortexing, pipette the solution up and down five times to reduce the remaining volume of iodomethane by evaporation.  
5.3.1. MED: Talent places tube on ice and adds acetic acid solution to it.
5.3.2. CU: Tube as talent pipettes the solution up and down.
5.4. At this point, add 2 milliliters of dichloromethane to the sample. Following vortexing and centrifugation, transfer the top aqueous layer into a new 13 by 100 millimeter glass tube. After repeating the aqueous wash of the dichloromethane layer, combine the second aqueous phase with the first aqueous layer. 
5.4.1. MED-over the shoulder: Talent adds dichloromethane to sample.
5.4.2. MED CU: Talent removes aqueous layer from tube and adds it to a new glass tube.
5.4.3. CU: Tube containing aqueous layer as talent adds transfer second aqueous phase to it.
5.5. Once the water wash of the dichloromethane phase has been repeated two to three times, transfer the dichloromethane phase to a clean glass tube with a clean Pasteur pipette. Then, dry the organic phase under a nitrogen stream at 42 degrees Celsius (TEXT: Dichloromethane phase contains non-sulfated permethylated O-glycans).
5.5.1. MED-over the shoulder: Talent removes dichloromethane phase from tube and adds it to a new glass tube.
5.5.2. MED: Talent places tube in a heat block and inserts adjustable head in tube to blow nitrogen on sample and evaporate organic phase.
5.6. After equilibrating a C18 column and loading the aqueous layer onto it, wash the C18 column with water and then elute the permethylated sulfated O-glycans into a new glass tube with 2 milliliters of 50% acetonitrile (TEXT: Use elution with 85% acetonitrile to enhance permethylated sulfated O-glycans recovery on larger oligosaccharides).  
5.6.1. MED-over the shoulder: Talent adds acetonitrile sample solution to column.
5.6.2. CU: Tube as talent washes the C18 column with water and then collects flow through containing elutes permethylated sulfated O-glycans with 50 % acetonitrile into a new glass tube.
5.7. Analyze permethylated O-glycans by direct infusion into an appropriate mass spectrometer using a nanoelectrospray source at a syringe flow rate of 0.4 to 0.6 microliters per minute at 210 degrees Celsius capillary temperature. For fragmentation by collision-induced dissociation in MS/MS and multidimensional MS of an ion trap instrument, apply 30 to 40% collision energy. 
5.7.1. MED: Talent walks up to instrument and injects sample into injection port.
5.7.2. MED-over the shoulder: Talent sits down at computer and programs the appropriate settings.  Do we need to provide JoVE a better shot as the PC screen faded?
6. Results: Recovery and Mass Spectral Analysis of Permethylated O-linked Glycans
6.1. [bookmark: _GoBack]Representative mass spectra of permethylated O-linked glycan samples released from bovine mucin using in-gel reductive beta elimination are shown here.  In the top panel, the spectra is dominated by a polydisperse contaminant derived from the polyacrylamide gel.  The bottom panel demonstrates that the ethyl acetate wash of the gel pieces before beta elimination eliminates this problem.   
6.1.1. LAB MEDIA: Figure 3 (3.tif, 51840fig3highres.jpg) (Video Editor: Highlight top spectrum for second sentence and bottom spectrum for third sentence.)
6.2. O-linked glycans were released from bovine submaxillary mucin by in-gel reductive beta elimination using gel pieces that were either sliced small or large. The recovery of O-linked glycans from small gel pieces was almost 10-fold greater than from large gel slices.
6.2.1. LAB MEDIA: Figure 4 (4.tif, 51840fig4highres.jpg) (Video Editor: Highlight black bar when “10-fold greater” is mentioned in second sentence.)
6.3. Neutral permethylated glycans are recovered in the organic dichloromethane phase, while anionic permethylated glycans are quantitatively partitioned into the water phase. The efficiency and simplicity of the phase partition method greatly facilitates sample throughput and subsequent analytic approaches. 
6.3.1. LAB MEDIA: Figure 5 (5.tif, 51840fig5highres.jpg) (Video Editor: Show left DCM graph by itself for first part of first sentence. Make Water graph appear next to DCM graph for second part of first sentence.)
6.4. Non-sulfated permethylated O-glycans were recovered from the organic phase and all of the permethylated sulfoglycans were recovered from the aqueous phase, which facilitates the identification and characterization of nearly isobaric sulfated and non-sulfated glycans. These glycans differ by only 0.1 mass units and would be difficult to resolve without physically separating the two species by phase partition. 
6.4.1. LAB MEDIA: Figure 6 (6.tif, 51840fig6highres.jpg) (Video Editor: Show test tube containing blue and yellow phases. Make black arrow to right of lower yellow phase appear followed by DCM phase spectrum for first part of first sentence (up to “organic phase”). Make black arrow to right of upper blue phase appear followed by Water phase spectrum for second part of first sentence (starting with “all of the permethylated sulfoglycans”). Zoom into two boxes for second sentence. Alternatively, just show DCM and water phase spectra for voiceover.)

7. Conclusion (said by authors on camera)

7.1. David Nix: After its development, this technique has allowed thorough explorations of glycan diversity in tissues, model systems, cultured cells, and patient samples.
7.2. Toshihiko Katoh: After watching this video, you should have a good understanding of how to successfully permethylate and partition O-linked glycans released from glycoproteins resolved by SDS-PAGE.
       

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.  

Insert your media filenames here.


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.
 2013, Journal of Visualized Experiments

