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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) __Y__ 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 2.4,2.5,2.6 and 4.3,4.4,4.5
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  keeping step 4.3 as cold as possible and do step 4.5 quickly

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 demonstrate how to synthesize combinatorial libraries containing Peptide Tertiary Amide, or PTA, units. (Intro)

This is accomplished by first preparing a PTA sub-monomer from natural amino acids. (P1, show top chemical structure in “Sub-monomer synthesis” box. If possible, make the “NH2” a different color to highlight it.  Then make “NH2” disappear and replace it with “Br” to look like bottom chemical structure.  If possible, make “Br” a different color to highlight it.)

The second step is to synthesize a peptoid linker region on a solid support. (P2, show top gray circle in “Peptoid linker synthesis” box.  Then make the linker appear to the right of it to look like the bottom gray circle.)

Next, a combinatorial library containing PTA and peptoid sub-units is synthesized. (P3, show bottom gray circle-linker from P2 and bottom chemical structure from P1 and make them combine to form top gray circle-linker-PTA image in “PTA combinatorial library synthesis” box. Then make the top gray circle-linker-PTA image split into four identical images.)

The final step is to characterize the synthesized library to ensure the quality of the synthesis. (P4, show Figure 7B.)

Ultimately, a combinatorial library containing conformational restricted PTA sub-units is synthesized and such a library can be used for high-throughput screening to provide protein ligands and lead to new drug discovery. (P5, show Figure 5.)

Video Editor: Use 51299_Procedural Narrative Graphic Overview.pptx

[image: ]


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Thomas Kodadek: We first had the idea for this method, when we were trying to develop the second generation of peptidomimetic library. (Dr. Kodadek may add a few words that day but the basic idea is to introduce how we came up with the idea).
1.2. Yu Gao: Visual demonstration of this method is critical as the PTA sub-monomer synthesis steps are difficult to learn, because temperature control of this step is the key to a successful synthesis.   


Protocol (read by voice talent at JoVE):
2. Preparation of Acid Bromide from Natural Amino Acid and Isotopic Labeling of Alanine Using Transaminase
2.1. First, add 8.9 g of D-alanine and 11.9 g of potassium bromide to a 500 ml three-neck round bottom flask with a magnetic stir bar. Then, add 100 ml of a previously prepared 30% hydrogen bromide solution to the flask. 
2.1.1. MED: Talent adds D-alanine and potassium bromide to round bottom flask.
2.1.2. MED-over the shoulder: Talent adds hydrogen bromide solution to the flask.
2.2. After placing the flask in a -10°C ethylene glycol-dry ice bath, bubble argon through a long needle from the bottom of the flask for 10 min. Stir the solution with the magnetic stir bar at 300 rpm.
2.2.1. MED: Talent inserts long needle into flask and opens argon valve.
2.2.2. MED CU: Solution in the flask as talent turns on stir function to observe argon bubbling through stirring solution. 
2.2.3. [added] CU argon bubbling
2.3. Following this, add a previously prepared sodium nitrite solution (TEXT: 8.28 g of sodium nitrite in 20 ml of water) to a pressure-equalizing dropping funnel attached to the three-neck round bottom flask and seal it with a septum.    
2.3.1. MED: Talent adds sodium nitrite solution to dropping funnel and seals the top with a septum.
2.4. Slowly open the valve of the dropping funnel, allowing the sodium nitrite solution to drip into the flask. Control the valve to adjust the dripping rate to approximately 2 drops per second (TEXT: Heat and gas are generated during this step. Dripping rate should be controlled and whole system should be open through argon outlet). 
2.4.1. MED-over the shoulder: Talent slowly opens the dropping funnel valve.
2.4.2. CU: Flask containing D-alanine solution as talent adjusts the dropping funnel valve to observe the sodium nitrite solution dripping into the flask at a controlled rate.
2.4.3. [added] MED: gas and color change
2.5. After the sodium nitrite addition is complete, keep stirring the solution for 3 more hours, allowing the temperature to warm up from -10°C to room temperature (TEXT: Resulting solution should be clear to light yellow). If the color of the solution is too dark, apply a vacuum to remove the excess nitrogen oxides and possible bromine generated during the reaction. 
2.5.1. MED: Talent closes dropping funnel valve and slightly adjusts the stirring rate.
2.5.2. MED-over the shoulder: Talent turns on the vacuum valve. 
2.6. Once the solution has been transferred to an extracting funnel, extract the product 3 times with 35 ml of diethyl ether. After combining the organic phase and washing with saturated brine, collect it into a flask and dry over sodium sulfate for 6 hours.    
2.6.1. MED: Talent adds diethyl ether to extracting funnel, closes and shakes it, and vents it by turning the stopcock.
2.6.2. MED: Talent collects organic phase into a flask, adds sodium sulfate, and swirls the contents of the flask.
2.7. Following filtration of the sodium sulfate, evaporate the solvent under vacuum to yield a clear to pale yellow oil. Purify the crude product by silica gel column chromatography with a 3 to 1 ratio of ethyl acetate to hexanes.		 
2.7.1. MED: Talent attaches flask containing crude product to rotary evaporator and turns it on.
2.7.2. CU: Screen of Biotage automated purification system showing the UV absorption curve (Videographer:  Alternatively, use MED-over the shoulder shot of the talent adding crude product to the column). (We did not get this shot as the machine was not available that day, Yu Gao will send you a video showing him loading the column and the curve on the screen later)
2.8. For isotopic labeling, dissolve 300 mg of L-alanine with 10 ml of deuterated water in a 50 ml polyethylene tube. After adding 10 mg of α-ketoglutarate as a co-substrate, warm up the tube to 37°C. When finished, adjust the pH to 8.5 to 8.7 using a 1M sodium deuteroxide solution and pH test strips.    
2.8.1. CU: Polyethylene tube containing L-alanine as talent adds deuterated water to it.
2.8.2. MED: Talent places tube in large incubator.
2.8.3. MED-over the shoulder: Talent adds sodium deuteroxide solution to the tube and tests the solution with the pH test strips. 
2.9. Next, add 0.1 mg of alanine transaminase to the solution. Place the tube in a 37°C incubator and incubate it overnight with mild shaking at 10 to 30 rpm.    
2.9.1. CU: Solution in tube as talent adds alanine transaminase to it. 
2.9.2. MED-over the shoulder: Talent attaches tube to rotary shaker in incubator and turns shaker on. 
3. Synthesis of Peptoid Linker Region
3.1. At this point, swell 1 g of 90 μm Tentagel beads with RAM linker in 10 ml of dimethylformamide for 3 hours in a 12 ml syringe reactor with mild shaking. 
3.1.1. MED: Talent adds dimethylformamide to a 12 ml syringe reactor containing the Tentagel beads attached to RAM linker and turns on the rotary shaker.
3.2. Drain the dimethylformamide from the reactor and add 10 ml of 20% piperidine- dimethylformamide solution to deprotect the Fmoc group from the Rink amide linker. After shaking the beads with the 20% piperidine solution for 30 min, wash them 5 times with dimethylformamide to remove all of the piperidine.    
3.2.1. CU: 12 ml syringe reactor to show swelled Tentagel beads as talent turns on vacuum valve to drain the solvent.
3.2.2. MED-over the shoulder: Talent adds piperdine-dimethylformamide solution to syringe reactor.
3.2.3. MED: Talent adds dimethylformamide to syringe reactor and then turns on vacuum valve to drain the solvent.
3.3. Next, remove a few beads from the syringe and test them with a chloranil test (TEXT: Beads should turn dark brown if Fmoc is successfully deprotected).  
3.3.1. MED-over the shoulder: Talent removes a few beads from the syringe.
3.3.2. CU: Test tube containing chloranil solution as talent adds beads to it.  (3.3.2 take 1, shows negative reaction as it should be in this step, 3.3.2 take 2 shows positive result and should be used for 3.5.2)
3.4. Add 5 ml of a 2M bromoacetic acid-dimethylformamide solution to the beads and shake gently. Then, add 5 ml of a 2M diisopropylcarbodiimide-dimethylformamide solution to the beads. After sealing the syringe with the plunger, shake the beads on a shaker for 10 min. 
3.4.1. MED-over the shoulder: Talent adds bromoacetic acid-dimethylformamide solution to the beads in syringe and manually shakes them.
3.4.2. [combined with 3.4.1] CU: Beads in syringe as talent adds diisopropylcarbodiimide-dimethylformamide solution to them. 
3.4.3 3.4.2	MED: Talent attaches syringe to rotary shaker and turns it on. 
3.5. Once the beads have been washed thoroughly with dimethylformamide, add 2 ml of a previously prepared 1M methoxyethylamine-dimethylformamide solution to them. After shaking the beads and washing them 5 times with dimethylformamide, check a few of the beads with a chloranil test (TEXT: If positive, beads turn blue. Repeat previous step if beads test negative).
3.5.1. MED-over the shoulder: Talent adds methoxyethylamine-dimethylformamide solution to beads in syringe.
3.5.2. CU: Test tube containing chloranil solution as talent adds beads to it.  (Please use shot 3.3.2 take 2)
4. Split-and-pool Synthesis of PTA Library with R and S 2-bromopropionic Acids
4.1. Following this, add 10 ml of a 1 to 1 dichloromethane-dimethylformamide solution to the previously used syringe. Split all 1 gram beads evenly into three 5 ml syringe reactors using a 1000 μl pipet with a truncated pipet tip (TEXT: Label syringes as B for bromoacetic acid, R for (R)-2-bromopropanoic and S for (S)-2-bromopropanoic acid-d4). After washing the 3 syringes 3 times with dichloromethane, wash the R and S-labeled syringes 3 times with anhydrous tetrahydrofuran and the B-labeled syringe 3 times with dimethylformamide.
4.1.1. MED: Talent adds dichloromethane-dimethylformamide solution to the previously used syringe.
4.1.2. [combined with 4.1.1] MED-over the shoulder: Talent uses pipet to transfer beads into three syringe reactors.
4.1.3. CU: Labeled syringe reactors as talent washes them with the appropriate solvents.
4.2. For triphosgene coupling of bromopropanoic acid, add approximately 200 mg of triphosgene to a vial in a fume hood. Once the vial has been capped, weigh the amount of triphosgene in the vial. Then, add the appropriate amount of anhydrous tetrahydrofuran to the vial to make a 20 mg per ml triphosgene-tetrahydrofuran solution. (Add a warning on screen about triphosgene, “Hazardous chemical, please check MSDS and use with caution”)
4.2.1. MED-over the shoulder: Talent adds triphosgene to a vial.
4.2.2. MED: Talent places the vial containing triphosgene on a balance.
4.2.3. CU: Vial containing triphosgene as talent adds tetrahydrofuran to it.
4.3. To prepare the bromo acids-triphosgene mixture, add 89 μl of (R)-2-bromopropanoic acid and (S)-2-bromopropanoic acid-d4 in two small vials separately. To each vial, add 5 ml of the triphosgene-tetrahydrofuran solution. After sealing the vials, place them in a -20°C freezer for 20 min.
4.3.1. MED: Talent adds appropriate 2-bromopropanoic acid to two vials.
4.3.2. CU: Vials as talent adds the triphosgene-tetrahydrofuran solution to them.
4.3.3. MED: Talent places vials in the -20 °C freezer.
4.4. In the meantime, add 1125 μl of a 2 to 1 tetrahydrofuran-diisopropylamine solution to syringe R and S separately. Mix the beads with the pipet tip and allow them to sit for 5 min.
4.4.1. MED-over the shoulder: Talent adds tetrahydrofuran-diisopropylamine solution to the appropriate labeled syringes.
4.4.2. CU: Beads in syringes as talent mixes them with the pipet tip and allows them to settle.
4.5. Add 356 μl of 2,4,6-trimethylpyridine to each of the vials containing the cooled bromo acids-phosgene mixtures, yielding white precipitates. Immediately apply the corresponding suspension directly to the basified beads and then place them on a shaker to shake under 120 rpm for 2 hours.    
4.5.1. CU: Vials containing bromo acids-phosgene mixtures as talent adds 2,4,6-trimethylpyridine to them to observe formation of white precipitates upon addition. (The MED shot shows all three action including 4.5.1, 4.5.2, 4.5.3.  Take 2 of 4.5.2 shows a closer shot of the syringe after a few minutes, the color change to yellow)
4.5.2. MED-over the shoulder: Talent pours suspension onto the beads. 
4.5.3. MED: Talent attaches syringes to rotary shaker and turns it on. 
4.6. For bromoacetic acid coupling with diisopropylcarbodiimide, add 5 ml of a 2M bromoacetic acid-dimethylformamide solution to syringe B.  After shaking, add 5 ml of a 2M diisopropylcarbodiimide-dimethylformamide solution to the same syringe and shake gently.    
4.6.1. MED-over the shoulder: Talent adds bromoacetic acid-dimethylformamide solution to labeled syringe. (only one take, mislabeled as take 2)
4.6.2. [combined with 4.6.1] MED: Talent adds diisopropylcarbodiimide-dimethylformamide solution to syringe and manually shakes it.
4.7. Following this, place syringe B on the same shaker as syringe R and S. Then shake the syringes for 2 hours. 
4.7.1. MED-over the shoulder: Talent attaches syringe to rotary shaker and turns it on.
4.8. After thoroughly washing the syringes with dichloromethane and dimethylformamide, pool all the beads from syringes R, S and B into one 12 ml syringe reactor. Once the beads have been washed 5 times with dimethylformamide, add 10 ml of  a 1 to 1 dichloromethane-dimethylformamide solution to the syringe.
4.8.1. CU: 12 ml syringe reactor as talent adds beads from three other syringes to it.
4.8.2. MED: Talent adds dichloromethane-dimethylformamide solution to the syringe.
4.9. Split all the beads evenly into 7 individual 2 ml syringes using a 1000 μl pipet with a truncated pipet tip (TEXT: Label syringes as A1 through A7).
4.9.1. MED-over the shoulder: Talent uses a pipet to add beads into 2 ml syringes.
4.10. For amination, add 5 ml of 7 previously prepared 2M amine solutions to the corresponding syringe (TEXT: See Figure 5 for list of amines). Incubate all 7 syringes in a 60°C incubator with shaking overnight.
4.10.1. CU: Syringes as talent adds appropriate amine solution to each one.
4.10.2. MED: Talent attaches syringes to shaker in the incubator and turns the shaker on. 
4.11. Following incubation, wash the beads that need to be cleaved 5 times with dichloromethane. After shaking the beads 15 min and washing them again with dichloromethane, drain the dichloromethane from the syringe. Then, transfer each individual bead into a 96-well plate using a light microscope and a pipet with a truncated tip.    
4.11.1. MED-over the shoulder: Talent adds dichloromethane to the beads in the syringe. 
4.11.2. [combined with 4.11.1] MED: Talent  turns on vacuum valve to drain the solvent.
4.11.3. MED-over the shoulder: Talent places 96-well plate onto the microscope.SCOPE: beads, no slate card
4.11.4. SCOPE: Scope shot showing talent transferring each bead into the plate. CU: Talent adds beads into the microscope plate
4.12. [bookmark: _GoBack]Cover the 96-well plate with a cover slip and place it in the -20°C freezer for 15 min.
4.12.1. MED: Talent covers 96-well plate with a cover slip and places it in the -20°C freezer.
4.13. Once the plate has been removed from the freezer, add 20 μl of a previously prepared cooled 1 to 1 TFA-dichloromethane solution to each of the wells that contains a bead. Replace the cover slip and place the 96-well plate on a shaker in the -20°C fridge.
4.13.1. CU: 96-well plate as talent adds TFA-dichloromethane solution to each well.
4.13.2. MED-over the shoulder: Talent covers the plate with the cover slip, places it on a shaker in the -20 °C fridge, and turns the shaker on.
4.14. After shaking for 20 min, remove the 96-well plate from the freezer and peel off the cover slip. Blow-dry the dichloromethane from each well by blowing air over it (TEXT: Not all of the compounds are cleaved, but there should be enough to perform mass spectroscopy analysis). 
4.14.1. MED: Talent removes plate from the freezer and peels off the cover slip.
4.14.2. MED-over the shoulder: Talent turns on air valve and places air stream over each well to remove the dichloromethane.
5. Results: Characterization of an One-Bead One-Compound Peptide Tertiary Amine Library
5.1. When cleaved under room temperature using a 50% TFA-dichloromethane solution, significant degradation is observed. Peaks 593 and 484 correspond to the linker and PTA trimer, respectively, showing that the whole molecule was successfully synthesized on bead but degraded during cleavage. 
5.1.1. LAB MEDIA: Figure 6A (fig6.psd, 51299fig6highres.jpg) (Video Editor: Make colored lines on chemical structure appear followed by numbers above the peaks surrounded by colored squares. Point to peaks 593 and 484 when mentioned in second sentence.)
5.2. When cleaved under low temperature conditions as described above, the amount of TFA-induced degradation is greatly suppressed. The cleavage mechanism has been described in previous literature, and it is believed to go through an oxazolidine intermediate. 
5.2.1. LAB MEDIA: Figure 6B (fig6.psd, 51299fig6highres.jpg) (Video Editor: Show chemical structure from Figure 6A (with colored lines) on this spectrum. Highlight, or point to, peaks 484, 593 and 754 and make “no 915 peak” appear. If possible, show Figure 6A next to this spectrum and highlight, or point to, the aforementioned peaks on both spectra to illustrate the suppressed degradation in 6B). 
5.3. PTA molecules can be sequenced by MS/MS, and the fragmentation pattern is similar to peptides and peptoids. 
5.3.1. LAB MEDIA: Figure 6C (fig6.psd, 51299fig6highres.jpg) (Video Editor: Show chemical structure from Figure 6A (with colored lines) on this spectrum.)
5.4. PTA molecules synthesized with (S)-2-bromopropanoic acid-d4 generally give broader peaks in MS and MS/MS spectra due to the presence of incomplete deuteration products such as (S)-2-bromopropanoic acid-d3. This could be used as an indication of the presence of the R chiral center during the sequencing procedure.    
5.4.1. LAB MEDIA: Figures 7A and 7B (fig 7.psd, 51299fig7highres.jpg) (Video Editor: Point to red peaks in both spectra for first sentence. If only one of the figures can be shown, show Figure 7B.   Show inset of 7B for second sentence.)
5.5. PTA molecules also tend to form more sodiated adducts than peptoid/peptide, therefore low sodium water and plastic apparatus are preferred. Another potential by-product is the acrylamide formed from the bromine elimination during amination. Once the acrylamide is formed, the sequence is terminated. This can be solved by lowering the primary amine concentration to 1M in order to reduce the solution basicity. 
5.5.1. LAB MEDIA: Figure 7C (fig 7.psd, 51299fig7highres.jpg) (Video Editor: Highlight “low sodium” in red spectrum for first sentence. Make black lines appear from structures to corresponding peaks. Highlight “1M methoxyethylamine” in red spectrum for last sentence.)

6. Conclusion (said by authors on camera)
6.1. Yu Gao: Once mastered, a good size library can be prepared in two days if it is performed properly.
6.2. Thomas Kodadek: After its development, this technique paved the way for researchers in the field of high-throughput screening to explore conformational restricted peptidomimetic library in drug and tool compound discovery.
       

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.

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.
 2012, Journal of Visualized Experiments
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