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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: ______________________________
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__2.1, 2.2 & 2.3, 3.2, 3.3, 3.4 and 3.5________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  __to have clean, high purity monomers that go into the RAFT-reaction. Purity of the monomers should be high, and should be assured by chromatographic verification, solvent extraction, or by crystallization, whichever is best.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:

The overall goal of this procedure is the well-controlled synthesis of fluorescent statistical linear glycopolymers using reversible addition-fragmentation chain-transfer, or RAFT polymerization. (Intro)
This is accomplished by first synthesizing the glycomonomer 2-lactobionamidoethyl (Pronounced: two lack-TOH-bye-on-ah-MEED-oh-eh-thil) methacrylamide, or LAEMA (Pronouned: L-A-E-M-A). (P1 Schematic powerpoint with meta file.pptx: Have the structure in the upper left corner appear followed by the label “LAEMA” when “Glycomonomer” and “LAEMA” are mentioned respectively).
The second step is to use RAFT polymerization of LAEMA, N-(2-aminoethyl) methacrylamide, or AEMA (Pronouned: A-E-M-A), and N-(2-hydroxyethyl) acrylamide, or HEAA (Pronouned: H-E-A-A), to synthesize the corresponding low dispersity glycopolymer. (P2 Schematic powerpoint with meta file.pptx: Start with LAEMA already in place and add the second 2 of the top 3 structures AEMA and HEAA, with all three labeled. Have the three structures move to cluster together in the center, then have them disappear. Following this, have the structure in the bottom right hand corner appear at mention of “low dispersity glycopolymer”. Label this structure “Glycopolymer”.)
Next, the glycopolymer is modified on one of its primary amines by reaction with carboxyfluorescein succinimidyl (Pronouned: car-box-ee-floor-eh- seen suck-sin im-mid-il) ester to produce a fluoresceinated glycopolymer. (P3 Schematic powerpoint with meta file.pptx: Start with the Glycopolymer from P2. Highlight the H2N text on the bottom right hand structure when “primary amines” is mentioned and then have the structure beneath the arrow in the middle fly over to the highlighted H2N text. Have both structures disappear and the bottom left hand corner structure appear with the fluorescein text highlighted when “fluoresceinated glycopolymer” is said).
The final step is to bind the fluoresceinated glycopolymer to lectin-coated agarose beads with known carbohydrate binding specificity. (P4: Starting with the fluoresceinated glycopolymer from P3, add circles or beads labeled “Lectin-coated agarose”. Then shrink the glycopolymer, create many copies, and have them attach to the beads.)
Ultimately, fluorescence microscopy is used to analyze the binding of the glycopolymers to the agarose beads, confirming that the glycopolymer possesses the carbohydrate of interest and is labeled with a fluorescent tag. (P5: LABMEDIA: Figure 7 only)
Note to the Authors: The schematic text has been edited to conform to our length limits and to coincide with animations generated from the graphics provided.
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B. Interview: (Said by you on camera. Don’t forget to smile!)
1.1. Dr. Thomas Mawhinney: The advantage of RAFT polymerization, over existing methods that employ conventional free radical polymerizations, is that the RAFT process is a controlled polymerization technique that minimizes the number of initiator-derived chains. This results in polymers of predetermined molecular weights and very narrow polydispersities.
1.2. Dr. Thomas Mawhinney: RAFT polymerization can be applied to a defined mixture of monomers for the preparation of specific fluorescent glycopolymers. These glycopolymers have defined binding abilities that can be verified by the use of lectin-coated beads. The efficient preparation of fluorescent glycopolymers should prove to be of great value to future glycobiological research in the future.
Note to the Authors: Author statements are restricted to one statement per author, 3-4 lines per statement. Here we have allowed two statements, which have been edited for length accordingly. Any additional edits by the authors should conform to these length restrictions. 
Protocol (read by voice talent at JoVE):

2. Synthesis of a glycomonomer: 2-lactobionamidoethyl methacrylamide (LAEMA)

2.1. To begin, dissolve 2 g of lactobionic acid in 3 ml of anhydrous methanol. Next, slowly add absolute ethanol drop wise to the solution until it just turns cloudy.
2.1.1. MED: Talent adds lactobionic acid to flask.

2.1.1a:  Added Talent adds methanol to flask.
2.1.2. CU: Talent adds ethanol to the solution, which turns cloudy
2.2. Use a rotary evaporator to remove all the solvents. Repeat this process 3 times to produce 1.94 g of lactobiono-1,5-lactone (Pronounced: lack-TOE-bye-on-oh-one-five-lack-tone) in 98% yield.
2.2.1. MED: Talent places the flask onto the evaporator and begins rotary evaporation. At least 12 seconds of recording needed to cover the VO.
2.3. Add a solution of 1 g of lactobionolactone in 3 ml of methanol to a solution of AEMA and MEHQ in 2 ml of methanol. Next, add 1 ml of triethylamine and stir the mixture at room temperature.
2.3.1. CU: Talent adds the lactobionolactone solution to the stirring AEMA and MEHQ solution. (TEXT: AEMA: N-(2-aminoethyl) methacrylamide, 0.58 g; MEHQ: hydroquinone monomethyl ether, 1 mg) (Video editor: If there is room, text should appear on screen simultaneously. If not, it can appear sequentially. Cohesive sections are separated by the semi-colon.)

2.3.2. MED: Talent adds trimethylamine to the flask and starts the stirring.
2.4. After 48 hours, add 20 ml of deionized water to the mixture and transfer it to a rotary evaporator. Evaporate until completely dry.
2.4.1. MED: Talent adds deionized water and stops the stirring.

2.4.2. MED: Talent connects the flask to the rotary evaporator.

2.5. Dissolve the residue in 20 ml of deionized water…, and apply the solution to the top of a 10 by 20 mm anion exchange column. Place a beaker containing 1 mg of MEHQ underneath the outlet and elute the column into the beaker.
2.5.1. MED: Talent adds deionized water to the flask.

2.5.2. CU: Talent loads the solution onto the top of the anion exchange column. (TEXT: Hydroxide form resin)
2.5.3. ECU/CU: Solution starts flowing into the beaker under the anion exchange column

2.6. After drying the solution in a rotary evaporator, dissolve the residue in 20 ml of deionized water, and add 1 mg aliquots of cation exchange resin until a ninhydrin test is negative.
2.6.1. MED: Talent removes flask from evaporator and adds deionized water. 
2.6.2. CU: Talent adds cation exchange resin to the flask. (TEXT: H+ form resin)

2.7. Perform ninhydrin tests by removing 1 µl of the solution, and applying it to a thin layer chromatography plate. Spray the plate with a 2% ninhydrin in ethanol solution, and heat at 90°C for 1 minute on a hotplate. The end point has been reached when no blue color forms.
2.7.1. CU: Talent removes sample, and applies it to a thin layer chromatography plate.

2.7.2. MED- over the shoulder: Talent sprays the thin layer chromatography plate with ninhydrin solution. , and places the plate on a hot plate.
2.7.2a  Added shot:  Talent places the plate on the hot plate.
2.7.3. CU: Talent places the thin layer chromatography plates side by side with one showing a blue spot of a positive ninhydrin test. (Video Editor: Label the plate with blue coloring “Positive” and the plate or samples without blue coloring as “Negative”).
Note to the Authors: If examples are not available on the day of the shoot, please upload a figure of the positive/negative ninhydrin test and include the step number 2.7.4 in the file name of the figure.
2.8. Next, filter the solution through a fritted glass funnel into a test tube. Freeze the solution at 
-80 °C, and then transfer it to a lyophilizer to be freeze dried.
2.8.1. MED: Talent pours the solution through a fritted glass funnel into a test tube.

2.8.2. WIDE: Multiple takes of talent removing the tube from a freezer. Shot will be repeated later.
2.8.3. MED: Talent places the tube in a lyophilizer.
2.9. Dissolve the residue in a minimum amount of methanol and precipitate the product by adding minus 20 °C anhydrous acetone. Collect the precipitated LAEMA by filtration through a fritted glass funnel. Transfer the funnel and precipitate to a vacuum desiccator for drying.
2.9.1. CU: Talent adds methanol to the residue followed by acetone until a precipitate forms.

2.9.2. MED: Talent pours the precipitated mixture through a fritted glass funnel.

2.9.3. MED- over the shoulder: Talent places the funnel in a vacuum desiccator and turns on the vacuum.
3. Synthesis of a glycopolymer using reversible addition-fragmentation chain-transfer (RAFT) based polymerization

3.1. First, add 0.5 g of approximately 150 mesh aluminum oxide nanoparticles to 1 ml of commercial grade HEAA in a 2 ml tube. Centrifuge the tube at 300 times g for 30 seconds, and use the top layer as inhibitor-free HEAA.

3.1.1. CU: Talent adds aluminum oxide to HEAA in a centrifuge tube. (TEXT: HEAA: N-(2-hydroxyethyl) acrylamide)
3.1.2. MED: Talent removes tube from centrifuge. 

3.1.3. ECU: Showing the centrifuge tube supernatant, with top layer visable. (TEXT: Supernatant is inhibitor free HEAA)
3.2. Carefully dissolve 32.8 mg of LAEMA, 1.7 mg of AEMA, and 27.5 µl of inhibitor-free HEAA in 0.4 ml of deionized water and transfer the solution to a well-cleaned 1 ml Schlenk tube.
3.2.1. MED: Talent adds the chemicals to deionized water and transfers the solution to a Schlenk tube.
3.2.2. Added shot:  Talent transfers the solution to a Schlenk tube.

3.3. Next, add 50 µl of RAFT reagent and 50 µl of initiator reagent to the tube and mix by gently tapping the side of the tube.

3.3.1. MED: Talent adds RAFT reagent and initiator reagent to the tube. (TEXT: See the text protocol for details on RAFT reagent and initiator composition)
3.3.2. CU: Talent taps the side of the tube with a finger to mix.
3.4. With the valve closed, connect the tube to a vacuum line and freeze the contents using a dry ice/ethanol bath. Then reduce the tube pressure to 10 to 50 mTorr with the pump, and close the valve. Remove the dry ice bath and allow the contents to thaw.
3.4.1. MED: Multiple usable takes of talent placing a dry ice/ethanol bath under the tube. Shot will be repeated later.
3.4.2. MED: Multiple usable takes of talent opening the tube valve to the vacuum line and observing the pressure gauge. Shot will be repeated later. (TEXT: 10-50 mTorr)

3.4.3. MED: Talent closes the tube valve and removes the dry ice bath.
3.5. Repeat the freeze, vacuum, and thaw cycle twice more. Carefully inspect the tube to ensure the contents are fully dissolved and gently vortex if needed before proceeding.
3.5.1. Use 3.4.1.  
3.5.2. Use 3.4.2. (Video editor: Please use 3.5.1 and 3.5.2 as a split screen.)
3.5.3. MED: Talent checks tube to see if fully dissolved and gently vortexes the tube between observations.
3.6. Remove the closed tube from the vacuum line, and place it into a transparent plastic vacuum bag. Evacuate the air from the bag with a plastic hand pump. Then, place the bag into a covered water bath at 70 °C for 24 hours.
3.6.1. MED: Talent places the tube in the vacuum bag and evacuates the air from the bag with a plastic hand pump.

3.6.2. MED- over the shoulder: Talent places the bag into a water bath.
3.7. Next, remove the tube from the bag and transfer its contents to a dialysis bag with a molecular weight cut off of 3500 Daltons. Place the dialysis bag into a beaker and dialyze against 2 liters of deionized water for 24 hours. 
3.7.1. MED: Talent removes the tube from the vacuum bag and transfers the to a dialysis bag.

3.7.2. MED: Talent places the dialysis bag in a beaker and starts the dialysis. (TEXT: Change water every hour for first 8 hr.)
3.8. Transfer the dialysis bag contents to a test tube, and place it in a freezer at -80 °C. Once frozen, transfer to a lyophilizer and freeze dry to obtain the fluffy-white glycopolymer, PMA-LAEMA (Pronouned: P-M-A-L-A-E-M-A).
3.8.1. MED: Talent transfers contents of the dialysis bag to the tube.

3.8.2. Use shot 2.8.2.  Use shot 2.8.2 take 4.
3.8.3. MED: Talent places the tube in the lyophilizer.

3.8.4. ECU: showing the fluffy white solid inside the test tube. (TEXT: PMA-LAEMA, 56.9 mg yield)

4. Fluorescent labeling of the glycopolymer.

4.1. First, prepare a solution of 5 mg of PMA-LAEMA in 0.9 ml of PBS. 
4.1.1. MED: Talent adds the glycopolymer to a flask microfuge tube containing PBS. (TEXT: PBS: 0.1 M Na3PO4, 0.15 M NaCl, pH 7.5)
4.2. Next, slowly add 0.6 mg of carboxyfluorescein succinimidyl (Pronouned: car-box-ee-floor-eh- seen suck-sin im-mid-il) ester in 100 µl of dimethylformamide to the rapidly stirred solution. Wrap the microfuge tube in foil, and stir slowly for 16 hours at room temperature.
4.2.1. MED: Talent slowly adds the solution to the flask microfuge tube while it is rapidly stirred.

4.2.2. MED over the shoulder: Talent wraps the flask microfuge tube in foil and turns down the stirring to a lower speed.
4.3. Transfer the solution into a dialysis bag with a molecular weight cut off 3500 Daltons. Place the bag into a beaker and dialyze against 2 Liters of deionized water for 16 hours while keeping it protected from the light. 
4.3.1. MED: Talent transfers flask microfuge tube contents into a dialysis bag.

4.3.2. MED: Talent places the bag in the beaker and then covers it with foil to shield the dialysis bag from light. (TEXT: Change water every hour for first 8 hr.)

4.4. Transfer the dialysis bag contents to a test tube. After freezing the solution at -80 °C, freeze dry to obtain the fluffy-yellow fluorescein-labeled PMA-LAEMA glycopolymer.

4.4.1. MED: Talent transfers bag contents into a test tube.

4.4.2. MED- over the shoulder: Talent places the test tube in a lyophilizer.

4.4.3. CU showing the fluffy yellow solid inside the test tube. (TEXT: Fluorescein-labeled PMA-LAEMA.) , 5.4 – 5.5 mg yield)
4.5. Determine the number-average molecular weight, the weight-average molecular weight, and the dispersity of the glycopolymers with an HPLC system. 
4.5.1. WIDE: Talent injecting places sample into the HPLC system and checking computer screen.  (TEXT: See text protocol for HPLC details.)
4.5.2.  Added shot:  Talent checks data on the computer screen.
5. Assay to determine the binding of glycopolymer to lectin-coated beads.
5.1. First, add 1.5 ml of PBS to a 50 µl suspension of Erythrina cristagalli (Pronouned: err-ith-three-na kris-tah-gal-ee) lectin-coated agarose beads in a centrifuge tube. Then centrifuge the tube at 300 times g for 1 minute.
5.1.1. MED: Talent adds PBS to agarose beads in a centrifuge tube.

5.1.2. WIDE: Talent transfers the tube to a centrifuge and starts the machine.
5.2. Next, discard the supernatant, and repeat the wash twice more before finally adding 0.5 ml of PBS.
5.2.1. CU: Talent removes the supernatant.

5.2.2. MED: Talent adds PBS to the tube.
5.3. Add a solution of 3 µg of the fluorescein labeled PMA-LAEMA in 6 µl of PBS to the tube containing the lectin-coated beads. Use fluorescein labeled PMA-GAEMA as a negative control. 
5.3.1. CU: Talent adds PMA-LAEMA to the lectin-coated beads in a tube. Talent picks up tube labeled with PMA-GAEMA. (TEXT: See text protocol for synthesis of PMA-GAEMA-Fluorescein.)
Note to the Authors: Please make sure to have tubes/materials labeled in advance where necessary.
5.4. Next, wrap the tubes in foil, and incubate them at room temperature for 1 hour. Centrifuge the tube for 1 minute and discard the supernatant. Then resuspend the beads in 1.5 ml of fresh PBS and repeat the wash three times.
5.4.1. MED: Talent wraps a tube and sets it in a rack. 

5.4.2. CU: Talent removes the supernatant. (TEXT: 300 x g)
5.4.3. MED/CU: Talent resuspends beads in PBS.
5.5. Finally, resuspend the beads in 0.2 ml of PBS. Transfer 4 µl of the suspended beads into a well of an immunofluorescence microscope slide, and cover with a glass cover slip.
5.5.1. MED: Talent adds PBS to the tube.

5.5.2. ECU: Talent pipettes the beads into a well of an immunofluorescence microscope slide, and covers it with a glass cover slip.
5.6. Record images of the slide using a fluorescent microscope fitted with a 10X objective, FITC filter, and camera. 
5.6.1. MED: Talent transfers the microscope slide to the stage of a fluorescent microscope. (TEXT: Excitation wavelength 467-498 nm, Emission wavelength 513-566 nm)
6. Results: Characteristics of glycopolymers produced by the RAFT methodology.

6.1. The glycopolymers were analyzed by gel permeation chromatography. Polymers synthesized without using RAFT have a much higher dispersity than those made using RAFT.
6.1.1. LABMEDIA: Figure 5 (Video Editor: Add arrow pointing to the Mw/Mn=3.22 and label it “High dispersity” and to the Mw/Mn=1.26 label it “Low dispersity”, Highlight the blue trace on the left when ‘without using RAFT” is said and highlight both of the other traces when “using RAFT” is said.)
6.2. When labeled with fluorescein, the physical appearance of the glycopolymer changes from white to a strong yellow color.
6.2.1. LABMEDIA: Figure 6A (Video Editor: place text next to left tube “Unlabeled polymer” and next to the right tube “Labeled polymer”.)

6.3. Shown under UV light, a solution of unlabeled polymer remains dark, while the fluorescein labeled polymer glows bright green, confirming the presence of the label.

6.3.1. LABMEDIA: Figure 6B (Video Editor: place text next to left tube “Unlabeled polymer” and next to the right tube “Labeled polymer”.)

6.4. Specific binding to lectin-coated beads only occurs with polymers carrying pendant sugar residues. Beads glow green when bound, while they remain dark when treated with polymers lacking pendant sugar residues. 
6.4.1. LABMEDIA: Figure 7 (Video Editor: Remove panel labels, and add text of 100 µm below the scale bar. Place text next to left panel “PMA-LAEMA” and next to the right panel “PMA-GAEMA.” Highlight the left panel with mention of “Beads glow green” and highlight the right panel with mention of “they remain dark.”)

7. Conclusion (said by authors on camera)
7.1. Dr. Thomas Mawhinney: This RAFT-based polymerization technique permits great flexibility in the type of glycopolymers that can be synthesized. Subsequent labeling of the glycopolymers can also be achieved with a large variety of fluorescent reagents capable of reacting with a primary amine in an aqueous environment.
7.2. Dr. Thomas Mawhinney: Researchers in the field of Glycobiology can use this technique to readily obtain highly versatile and defined glycopolymers. These glycopolymers can be used as tools to explore carbohydrate binding specificities, such as those observed in the respiratory tract of patients with cystic fibrosis, or those involved in many types of human cancers.

*Note to the Authors: Per our guidelines, the number of statements has been reduced to two of ~3-4 lines of text each. Other statements may be substituted for the ones chosen above.
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.
6.1.1 – Figure 5.tif

6.2.1 – Figure 6a.tif

6.3.1 – Figure 6b.tif

6.4.1 – Figure 7.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, as well as an introduction to your videographer, closer to your filming date.
( 2015, Journal of Visualized Experiments


