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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) N 

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.) 2.2, 2.4, 2.6, 2.8, 2.10
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.) All steps of the procedure are important to get the final reaction product and none are particularly difficult.
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? 15-30 min by walk
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 is to demonstrate the synthesis and purification of self-assembled polyamine based peptide amphiphiles and related molecules. (Intro) 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Mehdi Bin Samad: This method can answer key questions on how to decorate peptide amphiphiles with polyamines and on the use of orthogonal protecting groups.
1.2. Mehdi Bin Samad: The main advantage of this technique is that you can generate hybrid peptide amphiphiles with un-protected chemical building blocks containing multiple reactive sites.   
1.3. Added?

Protocol: (read by voice talent at JoVE) 
2. General Protocol for Synthesis of PPAs

2.1. First, carefully weigh out 2-chlorotrityl chloride resin [1-WIDE/MED-TXT]. Place the resin in a fritted, medium porosity synthesis vessel with 50 milliliter capacity [2-MED-over the shoulder-TXT]. Then, add 15 milliliters of DCM to the resin [3-MED]. 

2.1.1. Talent weighs resin on balance. TEXT: See text for resin weight calculation. 

2.1.2. Talent adds resin to the vessel. TEXT: 25 mm fritted disc.
2.1.3. Talent adds dichloromethane to resin in the vessel. Combined with 2.2.1.
2.2. Next, affix the synthesis vessel to a variable speed mechanical shaker, and turn the vessel to a 45 degree angle to maximize agitation [1-MED-over the shoulder]. 

2.2.1. Talent affixes vessel to shaker and adjusts the vessel to the appropriate position for agitation.
2.3. After allowing the resin beads to swell for 15 minutes, add 8 equivalents of the desired polyamine to the resin and allow it to react for 5 hours [1-MED-TXT].

2.3.1. Talent adds polyamine to the vessel and turns on the shaker, with the polyamine container label visible in frame if possible. TEXT: Swelling enhances reaction yield. Video Editor: overlay should appear at mention of “after allowing the resin beads to swell for 15 minutes”. 

2.4. After 5 hours, perform a Kaiser test to confirm successful coupling of the polyamine to the resin [1-CU]. 
2.4.1. Tube containing previously added resin and Kaiser test reagents as talent places it in heating device to show color change to violet/blue. Shots A, B, C.
2.5. Following this, protect the primary amine group by adding 4 equivalents of Dde in anhydrous methanol and shaking the reaction mixture overnight [1-MED-TXT].  
2.5.1. Talent adds Dde solution to resin and turns on the shaker. TEXT: Dde: 1-(4,4-dimethyl-2,6-dioxocyclohex-1-ylidene)ethyl.
2.6. On the following day, perform a Kaiser test to confirm successful protection by the absence of blue color from the resin bead [1-CU]. Then, drain the DCM and wash the resin twice with a 2 to 1 mixture of DCM and DMF [2-MED].

2.6.1. Tube containing previously added resin and Kaiser test reagents as talent places it in heating device to show color change. Shots A, B, C.
2.6.2. Talent drains the DCM, adds DCM/DMF mixture to resin, and turns on shaker. Show second wash if possible. Shots A, B.
2.7. Now, add 20 equivalents of Boc in DCM to the resin and allow the reaction to proceed for 3 hours [1-MED-over the shoulder].  
2.7.1. Talent adds Boc solution to the vessel and turns on the shaker, with Boc solution container label visible in frame if possible.

2.8. After performing a chloranil test to confirm protection of the secondary amine, drain the solvent mixture and wash the resin twice with a 2 to 1 mixture of DCM and DMF [1-MED].

2.8.1. Change: perform chloranil test. Talent drains the solvent mixture, adds DCM/DMF mixture to resin, and turns on shaker. Show second wash if possible. 

2.9. Following this, add 10 milliliters of a 2 percent solution of hydrazine in DMF to the resin [1-MED-over the shoulder]. After shaking for 1 hour, perform a Kaiser test to confirm successful deprotection of the primary amine [2-CU].

2.9.1. Talent adds hydrazine solution to resin.

2.9.2. Tube containing previously added resin and Kaiser test reagents as talent places it in heating device to show color change. 
2.10. Next, mix 4 equivalents of the Fmoc-protected amino acid, 3.95 equivalents of HBTU, and 15 equivalents of DIPEA [1-MED-over the shoulder-TXT]. Add a 1:1 mixture of DCM and DMF and sonicate the cocktail until complete dissolution [2-MED]. 

2.10.1. Talent combines three reagents in a vessel. TEXT: Add amino acids from C to N direction.

2.10.2. Talent adds solvent mixture, places vessel in sonicator, and turns on sonicator.

2.11. Martin Conda Sheridan: Make sure the amino acid, coupling agent, and DIPEA are thoroughly activated before adding the mixture to the resin.

2.11.1. Talent speaks toward the camera, interview style.

2.12. After waiting 3 to 5 minutes to ensure carboxylic acid activation, add the reaction mixture to the vessel containing the resin and allow the reaction to proceed for 2 to 4 hours at ambient temperature [1-MED-over the shoulder].

2.12.1. Talent adds reaction mixture to resin and turns on shaker. 

2.13. Martin Conda Sheridan: Perform a Kaiser test at every step to confirm successful coupling to and deprotection of the resin.
2.13.1. Talent speaks toward the camera, interview style.
2.14. After performing a Kaiser test to confirm successful coupling, deprotect the Fmoc-group from the amino acid by adding 10 milliliters of a 20 percent solution of 4-methyl piperidine in DMF [1-MED-TXT]. 

2.14.1. Talent adds piperidine solution to resin and turns on the shaker. TEXT: 2x with DCM wash between each addition.
2.15. Once the reaction is finished, perform a Kaiser test to confirm successful de-protection of the amino acid [1-CU]. Then, wash the resin twice with 10 milliliters of DMF, each wash lasting for 5 minutes, and finally with 10 milliliters of DCM for 10 minutes [2-MED-over the shoulder].

2.15.1. Tube containing previously added resin and Kaiser test reagents as talent places it in heating device to show color change.

2.15.2. Talent adds DMF to resin and turns shaker on. Show a second wash if possible.

2.16. After coupling all the required amino acids, conjugate the hydrophobic tail to the last amino acid by adding 10 equivalents of the desired carboxylic acid functionality to 9.5 equivalents of HBTU and 12 equivalents of DIPEA [1-MED-TXT]. 
2.16.1. Talent combines reagents in a vessel, with carboxylic acid container label visible in frame if possible. TEXT: In 1:1 DCM:DMF. (Video Editor: overlay should appear at mention of “DIPEA”). 

2.17. Sonicate the cocktail until complete dissolution [1-MED-over the shoulder]. Then, add the cocktail to the vessel [2-MED]. 

2.17.1. Talent places vessel in sonicator and turns on sonicator.

2.17.2. Talent adds cocktail to vessel containing resin. Combined with 2.18.1.
2.18. Carry out the reaction for at least 5 hours, although it is advisable to carry it out overnight for the highest yield [1-MED-over the shoulder].
2.18.1. Talent turns on the shaker to agitate the vessel containing the resin. 

3. PPA Cleavage from Solid Support

3.1. Wash the resin with 8 milliliters of DMF for 2 minutes and twice with 8 milliliters of DCM for 5 minutes [1-MED]. Before each addition, drain the solvent from the vessel [2-MED-over the shoulder]. Once the last wash is performed, dry the resin under vacuum for 15 minutes [3-MED].

3.1.1. Talent adds DMF to resin and turns on shaker. Show a second wash if possible. 

3.1.2. Talent drains the solvent from the vessel.

3.1.3. Talent places resin under vacuum.

3.2. To prepare 15 milliliters of cleavage cocktail, add 14 milliliters of TFA to 0.5 milliliters of water and 0.5 milliliters of triisopropyl silane [1-MED-over the shoulder]. Add this cleavage cocktail to the resin and shake for 2 to 4 hours at room temperature [2-MED]. 

3.2.1. Talent combines three reagents in a vessel, with triisopropyl silane container label visible in frame if possible. 
3.2.2. Talent adds cleavage cocktail to resin and turns on shaker. 

3.3. After the cleavage reaction is complete, collect the solution in a 50 milliliter round bottom flask [1-MED]. Then, concentrate the TFA in vacuo to 1 to 2 milliliters using a rotary evaporator at reduced pressure while heating the mixture at 40 degrees Celsius [2-MED-over the shoulder-TXT]. 

3.3.1. Talent collects solution from vessel in a flask.

3.3.2. Talent attaches flask to rotary evaporator and turns the rotation and heat on. TEXT: >55 °C decomposes PPA.  
3.4. After evaporation, add the obtained TFA solution dropwise to a round bottom flask containing 15 milliliters of anhydrous cold ether to precipitate the PPA [1-CU]. 
3.4.1. Flask containing ether as talent adds TFA solution to it to show precipitation of PPA. (A and B shots, B – close up)
3.5. Next, add 5 milliliters anhydrous cold ether to the original flask containing the concentrated TFA solution [1-MED-over the shoulder]. Sonicate to recover additional solids [2-MED]. Then, combine with the ether solution from the previous step [3-MED-over the shoulder-TXT]. 

3.5.1. Talent adds ether to original flask. Combined with 3.5.2.
3.5.2. Talent places flask in sonicator and turns on sonicator.
3.5.3. Talent adds contents of flask to flask containing precipitate and ether. TEXT: Pipette can be washed with DCM.  
3.6. Cover the flask and place it inside the refrigerator overnight to maximize precipitation [1-MED].  
3.6.1. Talent covers the flask and places it in the refrigerator. Split in 2 shots A; cover flask, B place in fridge.
3.7. On the following day, collect the precipitated material by vacuum filtration using a fine or medium pore size sintered disc filter funnel [1-MED-over the shoulder]. 

3.7.1. Talent pours material into filter funnel connected to vacuum.

3.8. Finally, wash the precipitate twice with 5 to 10 milliliters of cold ether to remove any residual organics [1-MED]. 

3.8.1. Talent adds ether to precipitate in filter funnel.

4. Results: Confirming successful synthesis, purification and self-assembly (PPAs)
4.1. The HPLC trace and MALDI spectrum confirm the presence of the PPA product, which should have a purity of greater than 95 percent for material characterization or biological evaluation [1-LM]. A single, sharp peak is observed in the UV-based HPLC trace, and the MALDI spectrum corresponds to that of the calculated molecular weight of the PPA within plus or minus 1 Dalton [2-LM].
4.1.1. 57908fig2.jpg: Highlight top chromatogram at mention of “HPLC trace” and bottom spectrum at mention of “MALDI spectrum”. 

4.1.2. 57908fig2.jpg: Zoom into or emphasize top chromatogram and highlight peak at mention of “a single, sharp peak is observed in the UV-based HPLC trace”. Zoom into or emphasize bottom spectrum and highlight 781.63 peak at mention of “the MALDI spectrum corresponds to that of the calculated molecular weight of the PPA within plus or minus 1 Dalton”.

4.2. The self-assembly of the PPAs can be visualized and analyzed by Transmission Electron Microscopy, Atomic Force Microscopy, Small Angle X-ray Scattering, Scanning Electron Microscopy, and Dynamic Light Scattering [1-LM]. Successful self-assembly will result in well-defined nanostructures in both Transmission Electron Microscopy and Atomic Force Microscopy [2-LM]. 
4.2.1. 57908fig3.jpg: Highlight or emphasize figures A and B at mention of “Transmission Electron Microscopy” and figures C and D at mention of “Atomic Force Microscopy”.

4.2.2. 57908fig3.jpg: Emphasize figures A and C and highlight rectangles in each figure.

5. Conclusion (said by authors on camera)

5.1. Mehdi Bin Samad: Once mastered, this protocol can be done in three days, if performed properly. Most of the chemical reaction can proceed unattended
5.2. Mehdi Bin Samad: While attempting this procedure, remember to purify the products and assess their purity before any subsequent studies.
5.3. Nathalia Rodrigues de Almeida: Following (and adjusting when necessary) this procedure, other molecules such as peptide amphiphiles, peptides, or peptide-polyamine hybrids can be prepared.

5.4. Nathalia Rodrigues de Almeida: After its development, this technique paved the way for researchers in the field of self-assembled peptide amphiphiles to explore the influence of polyamine nanostructures in areas such as: drug delivery, imaging, or catalysis.
5.5. Krishnaiah Maddeboina: After watching this video, you should have a good understanding of how to carry the synthesis of polyamine based peptide amphiphiles and related peptide amphiphiles.

5.6. Krishnaiah Maddeboina: Trifluoroacetic acid and 4-methyl piperidine can be hazardous and precautions such as wearing gloves, lab coats and working in a fume hood, should be taken 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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