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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/A  
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.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.4, 2.9, 2.10, 3.2, 3.3, 3.6
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.) Step 2.9. This step should be performed fast. We will have all reagents ready for this step. One graduate student will practice in advance for filming this step. 
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? One in synthetic lab and one in mass spectrometer lab. The two labs are adjacent to each other.

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 procedure is to demonstrate how to manually synthesize oligo-peptoids and how to analyze their monomer sequence by using mass spectrometry techniques. (Intro) 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jianhua Ren: This method can help answer key questions for beginners in the peptoid field, such as how to make peptoids and how to characterize their monomer sequence. 
1.2. Yadwinder Mann: The main advantage of this technique is that peptoids with special monomer residues can be synthesized and analyzed in a standard analytical chemistry lab.  

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Yuntao Zhang: Though this method focuses on oligo-peptoids, it can also be applied to other systems, such as peptides and oligonucleotides. 
1.4. Michael Browne: Generally, individuals new to this method will struggle because achieving optimal mass spectrometry conditions is difficult to master without visual demonstration. 
1.5.  Jianhua Ren: We first had the idea for this method, when we wanted to characterize the structural features of peptoids by tandem mass spectrometry methods. 


Protocol: (read by voice talent at JoVE)
2. Synthesis of Peptoid 
2.1. First, weigh out 84 milligrams of Rink amide resin and add it to a 10 milliliter polypropylene solid-phase reaction vessel [1-MED-TXT]. Then, insert a plunger into the vessel [2-MED-over the shoulder].  
2.1.1. *Film as written. TEXT: 0.047 mmol, loading 0.56 mmol/g. (Video Editor: overlay should appear at mention of “Rink amide resin”). 
2.1.2. *Film as written.
2.2. Following this, add 2 milliliters of DMF to the reaction vessel and cap the vessel with a pressure cap [1-MED]. Agitate the vessel on a shaker at room temperature at an angle of movement approximately 12 degrees and 385 oscillations per minute for 30 minutes [1-MED-over the shoulder-TXT]. After removing the cap, drain the solution to a waste container by pushing the plunger of the reaction vessel [3-MED].  
2.2.1. *Film as written.
2.2.2. Talent places vessel on shaker and turns it on. TEXT: 12 degrees, 385 oscillations/min, 30 min.
2.2.3. Talent removes shaker from vessel, removes cap, and drains solution.
2.3. Add 2 milliliters of 20 percent piperidine in DMF to the vessel and cap the vessel [1-MED-over the shoulder]. After agitating the vessel for 2 minutes, drain the solution to the waste container [2-MED-TXT].
2.3.1. *Film as written.
2.3.2. Talent removes shaker from vessel, removes cap, and drains solution. TEXT: Repeat washing step 1x. 
2.4. After washing the resin, perform a bromoacetylation reaction by mixing 1 milliliter of 0.8 molar bromoacetic acid in DMF and 1 milliliter of 0.8 molar DIC in DMF in a beaker [1-MED-over the shoulder-TXT]. Transfer the mixture to the reaction vessel containing the resin and cap the vessel [2-MED]. 
2.4.1. *Film as written. TEXT: 1 mL 0.8 M bromoacetic acid, 1 mL 0.8 M DIC.
2.4.2. *Film as written.
2.5. Agitate the vessel on the shaker at room temperature for 20 minutes [1-MED-over the shoulder]. Following agitation, drain the solution to the waste container [2-MED]. 
2.5.1. Talent places vessel on shaker and turns it on.
2.5.2. Talent removes shaker from vessel, removes cap, and drains solution.
2.6. After washing the resin, perform a displacement reaction by adding 1 milliliter of 1 molar 2-methoxyethylamine in DMF to the vessel [1-MED-over the shoulder]. After capping the vessel, agitate it at room temperature for 60 minutes [2-MED]. Then, drain the solution to the waste container [3-MED-over the shoulder]. 
2.6.1. *Film as written. If possible, show reagent container label in frame.
2.6.2. Talent places vessel on shaker and turns it on.
2.6.3. Talent removes shaker from vessel, removes cap, and drains solution.
2.7. Once the monomer addition cycles are complete, mix 92 microliters of acetic anhydride, 43.5 microliters of DIPEA, and 2 milliliters of DMF in a beaker to make the acetylation cocktail [1-MED-TXT].
2.7.1. *Film as written. TEXT: 92 L acetic anhydride, 43.5 L DIPEA, 2 mL DMF.
2.8. Add the acetylation cocktail to the vessel containing the resin [1-CU]. After capping the vessel, agitate it at room temperature for 60 minutes [2-MED]. When finished, drain the solution to the waste container [3-MED-over the shoulder].
2.8.1. *Film as written.
2.8.2. Talent places vessel on shaker and turns it on.
2.8.3. Talent removes shaker from vessel, removes cap, and drains solution.
2.9. After washing the resin with DCM, mix 3.8 milliliters of TFA, 100 microliters of triisopropylsilane, and 100 microliters of HPLC-grade water in a beaker to make the cleavage cocktail [1-MED]. Add the cleavage cocktail immediately to the vessel containing the resin [2-MED-over the shoulder].
2.9.1. *Film as written. If possible, show TFA and triisopropylsilane container labels in frame.
2.9.2. *Film as written.
2.10. After agitating the vessel at room temperature for 2 hours, remove the cap and collect the filtrate solution into a 50 milliliter polypropylene centrifuge tube [1-MED]. Add 1 milliliter of TFA to the vessel and cap it [2-MED-over the shoulder]. After agitating for 1 minute, collect the filtrate solution into the same centrifuge tube [3-MED].
2.10.1. *Film as written.
2.10.2. *Film as written.
2.10.3. *Film as written.
2.11. Next, evaporate the TFA with a gentle stream of nitrogen gas…[1-MED-over the shoulder] until about 1 milliliter of viscous solution remains [2-CU].
2.11.1. *Film as written. 
2.11.2. Tube to show amount of viscous solution remaining.
2.12. Add 15 milliliters of diethyl ether to the viscous solution and cap the centrifuge tube [1-MED-over the shoulder]. Incubate the mixture in a minus 20 degrees Celsius freezer for at least 2 hours to obtain a white solid precipitate [2-MED]. 
2.12.1. *Film as written.
2.12.2. Talent places sample in the freezer.
2.13. Following incubation, while keeping the centrifuge tube cool, pellet the solid using a centrifuge at 4,427 x g for 10 minutes [1-MED-over the shoulder]. When finished, remove the cap of the tube and carefully decant the diethyl ether into a beaker [2-MED].  
2.13.1. Talent places tube in centrifuge, inputs the settings, and turns the centrifuge on. If possible, show the centrifuge settings in the frame. 
2.13.2. Talent removes tube from centrifuge, removes the cap, and decants the solvent.
2.14. After washing the solid with diethyl ether, dry it with a gentle stream of nitrogen gas [1-MED-over the shoulder].
2.14.1. *Film as written.
2.15. Next, add 10 milliliters of HPLC-grade water to dissolve the dried solid [1-MED]. Pass the solution through a nylon syringe filter with a pore size of 0.45 micron and collect the filtrate into a pre-weighted 50 milliliter polypropylene centrifuge tube [2-MED-over the shoulder].
2.15.1. *Film as written.
2.15.2. *Film as written.
2.16. Shell freeze the peptoid solution by rotating the centrifuge tube in a 12-ounce, double-stacked expanded polystyrene cup containing liquid nitrogen [1-MED-over the shoulder-TXT]. Then, lyophilize the frozen solution overnight to yield the solid peptoid [2-MED].
2.16.1. *Film as written. TEXT: 1/3 full.
2.16.2. Talent connects tube to loads sample on lyophilizer and turns lyophilizer on.
3. MS Measurements and Sequence Analysis
3.1. After preparing the peptoid sample solution for MS analysis, remove any possible insoluble particles in the diluted solution by performing centrifugation at 4,427 x g for 3 minutes [1-MED-TXT]. Transfer about 700 microliters of the top portion of the solution into another 1.5 milliliter centrifuge tube to make the peptoid MS working solution with concentration of about 10 to the minus five molar [2-MED-over the shoulder]. 
3.1.1. Talent places sample in centrifuge, inputs the settings and turns the centrifuge on. If possible, show the centrifuge settings in the frame. TEXT: See text for peptoid sample prep.
3.1.2. Talent removes tube from centrifuge and transfers a portion of it to a new tube.
3.2. Once the MS instrument parameters have been set, add approximately 300 microliters of the peptoid MS working solution into a 1 milliliter syringe and connect the syringe to the ESI inlet using capillary polyether ether ketone tubing [1-MED-TXT]. Then, place the syringe onto the syringe pump and set the flow rate at 10 microliters per minute to infuse the sample solution into the ESI inlet [2-MED-over the shoulder].  
3.2.1. *Film as written. TEXT: See text for MS operating parameters.
3.2.2. *Film as written.
3.3. Turn on the ESI needle voltage to activate the ESI process, and then turn on the detector. Set the display in profile mode and the range of the mass-to-charge ratio or m/z (pronounced m over z) from 100 to 1,500. View the profile mass spectrum shown in the profile window [1-SCREEN].  
3.3.1. SCREEN: *To be submitted by Author, 56652_Ren_SCREEN_3.3.1.
3.4. In the “Method Window”, use 2 minutes as the “run time”. Then, open the recording window, fill in a proper file name, and start to record the spectrum [1-SCREEN]. 
3.4.1. SCREEN: *To be submitted by Author, 56652_Ren_SCREEN_3.4.1.
3.5. Optimize the intensity of the protonated peptoid peak at m/z 1,265. Set the m/z range from 1,150 to 1,350 and adjust the capillary voltage while viewing the peak intensity in millivolts shown in the profile window [1-SCREEN-TXT]. 
3.5.1. SCREEN: *To be submitted by Author, 56652_Ren_SCREEN_3.5.1. TEXT: Optimal peak intensity is 150 – 200 mV.  
3.6. [bookmark: _GoBack]Now, switch the instrument to the MS/MS (pronounced MS MS) mode. In the “Method Window”, use 1,265 as the “Q1 First Mass” and leave the “Q1 Last Mass” blank. Use 100 as the “Q3 First Mass” and 1,400 as the “Q3 Last Mass” Then, turn the CID gas on. [1-SCREEN].  
3.6.1. SCREEN: *To be submitted by Author, 56652_Ren_SCREEN_3.6.1.
3.7. Following this, set the collision energy at 45 volts and the collision gas pressure at 1.5 milliTorr [1-SCREEN]. 
3.7.1. SCREEN: *To be submitted by Author, 56652_Ren_SCREEN_3.7.1.
3.8. View the profile mass spectrum displayed in the profile window, observing the peptoid ion peak at m/z 1,265 and the peaks with lower m/z values that represent the fragment ions from the precursor peptoid ion [1-SCREEN]. 
3.8.1. SCREEN: *To be submitted by Author, 56652_Ren_SCREEN_3.8.1.
3.9. Now, adjust the collision energy and the collision gas pressure to optimize the display of the fragmentation spectrum [1-SCREEN-TXT].
3.9.1. SCREEN: *To be submitted by Author, 56652_Ren_SCREEN_3.9.1. TEXT: Do not increase collision gas pressure beyond 2 mTorr. 
3.10. In the “Method Window”, use 2 minutes as the “run time”. Then, open the recording window, fill in a proper file name, and start to record the spectrum [1-SCREEN].
3.10.1. SCREEN: *To be submitted by Author, 56652_Ren_SCREEN_3.10.1.

4. Results: Mass Spectrometry Analysis of Oligo-Peptoid Ac-Nae-(Npe-Nme)4-NH2
4.1. The structure of the synthesized 9-mer peptoid with N-terminal acetylation is shown here [1-LM]. 
4.1.1. 56652fig1large.pdf, 56652fig1.jpg, Figure 1.png
4.2. The predicted fragmentation scheme for the peptoid is displayed here, where the proton in the dashed circle indicates the “mobile proton” that would induce peptoid fragmentation during the CID experiment [1-LM]. If fragmentation occurs at all available amide bonds, a total of eight N-terminal fragments and eight C-terminal fragments would form [2-LM].
4.2.1. 56652fig2large.pdf, 56652fig2.jpg, Figure 2.png: Zoom into figure a and highlight red “H+” at mention of “the proton in the dashed circle indicates the “mobile proton” that would induce peptoid fragmentation during the CID experiment”.
4.2.2. 56652fig2large.pdf, 56652fig2.jpg, Figure 2.png: Continue showing figure a and highlight B1-B8 at mention of “eight N-terminal fragments” and Y1-Y8 at mention “eight C-terminal fragments”.
4.3. As an example, the structures and the corresponding mass-to-charge values of the B4-ion and the Y5-ion are shown here [1-LM]. The calculated mass-to-charge values of all fragment ions from B1 to B8 and from Y1 to Y8 are listed here [2-LM]. 
4.3.1. 56652fig2large.pdf, 56652fig2.jpg, Figure 2.png: Zoom into or emphasize figure b and highlight left structure at mention of “B4-ion” and right structure at mention of “Y5-ion”.
4.3.2. Table 1.xlsx
4.4. The full scan mass spectrum of the protonated peptoid ion shows a peak at m/z 1,265 corresponding to the protonated species and a peak at m/z 1,287 corresponding to the sodium ion adduct of the peptoid [1-LM]. The two peaks at m/z 633 and 644 correspond to doubly protonated and mixed protonated-sodiated peptoids, respectively [2-LM]. 
4.4.1. 56652fig3large.pdf, 56652fig3.jpg, Figure 3.png: Highlight 1265 and 1287 peaks when mentioned in voiceover.
4.4.2. 56652fig3large.pdf, 56652fig3.jpg, Figure 3.png: Highlight 633 and 644 peaks when mentioned in voiceover.
4.5. The protonated peptoid MS/MS spectrum shows a peak at m/z 1,265 corresponding to the protonated species and peaks at lower mass-to-charge values corresponding to the fragment ions from the peptoid ion [1-LM]. 
4.5.1. 56652fig4large.pdf, 56652fig4.jpg, Figure 4.png: Highlight 1265 peak when mentioned in voiceover. Highlight smaller peaks with “B” or “Y” above them at mention of “peaks at lower mass-to-charge values corresponding to the fragment ions from the peptoid ion”.


5. Conclusion (said by authors on camera)
5.1. Jianhua Ren: Once mastered, the synthesis technique can be done in one to two days, and the mass spectrometry technique can be done in one to two hours if they are performed properly.
5.2. Yadwinder Mann: While attempting the mass spectrometry procedure, it’s important to remember to first check the performance of the mass spectrometer. If necessary, one may perform an auto-tune of the instrument.
5.3. Yuntao Zhang: Following this procedure, other methods like molecular modeling can be performed in order to answer additional questions like what possible conformations a peptoid could adopt.
5.4. Michael Browne: After its development, this technique paved the way for researchers in the field of polymers to explore advanced mass spectrometry techniques in structural characterization.
5.5. Yuntao Zhang: After watching this video, you should have a good understanding of how to synthesize peptoids manually and how to analyze their monomer sequence by using mass spectrometry techniques.
5.6. Yadwinder Mann: Don't forget that working with chemicals can be extremely hazardous and proper personal protective equipment should always be used while performing this procedure.   


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 are included in the email accompanying the finalized script.
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