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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___No______  (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)__Yes______ 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. ___________________________________________

Section 2   Preparation of receptor binding site’, Docking of the ligands into the cyclin A groove, Analysis of results

Section 3 synthesis of N-capped FLIPs

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.___________________________

2.2 and 2.3
E.  Will the filming need to take place in multiple locations? (Y/N) ___Yes____ If yes, how far apart are the locations? ___rooms are adjacent________________________________________________

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the strategy is to generate an effective small molecule drug-like therapeutic through conversion of a peptide inhibitor of a protein-protein interaction (Intro)
This is achieved by establishing a structure-activity relationship for the desired peptide-protein interaction to understand which parts can be effectively replaced. (P1)
Editors, please use figure 1 (or figure 1_schematic graphic if it has been uploaded) for the schematic overview.  Use the top left image in figure 1 for P1.
As a second step, computational chemistry is used to identify viable fragment alternatives for the known peptide determinants, which can then be used to synthesize a library of fragment-peptide hybrids. (P2)  

Use the top right image in figure 1 for P2.  Have each of the 4 structures pop into view as this point is narrated.  Also bring in TEXT Overlay:  Computer Models
Next, a library of hybrids is synthesized between these fragments and the truncated peptide in order to generate molecules that can be tested in an in vitro assay to identify molecules that are more drug-like and which recapitulate the activity of the native peptide.  (P3)
Use the bottom center image in figure 1 for P3.  Also bring in TEXT Overlay:  Synthesized Library.  Halfway through the narration, fade these molecules out and fade into the molecule shown over the “Optimization” arrow (without the arrow). 
The results show more drug-like compounds can be identified using the methodology and these represent effective starting points for drug discovery of inhibitors of protein-protein interactions. (P4)
Use the bottom right image of the compound in figure 1 for P4.  Then transition to 52441_McInnes_Figure2.png  
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or PowerPoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).  
Authors, please provide a layered version of figure 1 of high resolution for the editors to manipulate for the schematic.  You can name the file “figure 1_schematic graphic.”
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors, we limit this section to one point to fit our video length limits. 

1.1. Campbell McInnes: The main advantage of this technique over existing methods, like high-throughput screening, is that protein-protein interactions are extremely challenging from a drug discovery perspective and conventional methods do not work well.  The REPLACE strategy involves a step-wise iterative approach and therefore may take longer however is more likely to be effective in the long run [1.1.1 – MED].
1.1.1. Campbell speaks toward camera, interview style.
1.2. **Campbell McInnes:  I will demonstrate most of the procedures myself [1.2.1 – MED] with some assistance from my research scientist, Dr. Sandra Craig [1.2.2 – MED]. 
1.2.1. Campbell speaks toward camera, interview style.
1.2.2. Sandra looks up from workbench or desk and acknowledges the camera.
Protocol (read by voice talent at JoVE):
Editors, in the SCREEN captures throughout this section 2, please use a zoom bubble to highlight the actions being performed.

2. Computational identification of potential small molecule capping groups
2.1. Begin this procedure with validation of the docking protocol followed by preparation of the receptor binding site and ligands as described in the text protocol [2.1.1 – Title Card].
2.1.1. Title Card.
2.2. To dock the ligands into the Cyclin A Groove, first select the LigandFit routine from the receptor-ligand interactions protocol set of the software [2.2.1 – MED - over the shoulder].  Use the receptor and the prepared ligands as input for this protocol [2.2.2 – SCREEN]. 
2.2.1. Talent selects the LigandFit routine from the receptor-ligand interactions protocol set of the software.
2.2.2. *To be submitted by authors – 52441_McInnes_SCREEN_2.2.2:  Screen capture movie as talent sets the receptor and prepared ligands as input for the receptor-ligand interactions protocol.
2.3. For these runs select PLP1 (pronounced as “P-L-P-one”) as the energy grid.  The energy grid used by the docking program is the force field for generating ligand-receptor interactions and potential poses [2.3.1 – SCREEN].  PLP1 is piecewise linear potential which specifically prioritizes hydrogen bonding interactions [2.3.2 – MED].
2.3.1. *To be submitted by authors – 52441_McInnes_SCREEN_2.3.1:  Screen capture movie as talent selects PLP1.
2.3.2. Talent working at the computer.  Editors, use this shot only if needed to cover narration of 2.3.
2.4. Specify that poses be energy minimized and the number of generated poses as 10.  Leave all the other parameters at the default values [2.4.1 – SCREEN]. 
2.4.1. *To be submitted by authors – 52441_McInnes_SCREEN_2.4.1:  Screen capture movie as talent specifies that poses be energy minimized and that the number of generated poses as 10.
2.5. In the first instance, display poses in the visualizer program and then sort by descending values of the PLP1 score [2.5.1 – SCREEN].  Use scoring functions such as PLP1 to estimate the binding affinity of a docked ligand based on a candidate ligand pose geometry and non-covalent interaction with the target receptor structure [2.5.2 – MED-over the shoulder]. 
2.5.1. *To be submitted by authors – 52441_McInnes_SCREEN_2.5.1:  Screen capture movie as talent displays the poses in the visualizer program and then sorts them by descending values of the PLP1 score.
2.5.2. Talent uses PLP1 score to estimate the binding affinity of a docked ligand based on a candidate ligand pose geometry and non-covalent interaction with the target receptor structure
2.6. Visually analyze the top 25% of the scored poses for superimposibility with the known capping group [2.6.1 – LM].  
2.6.1. 52441_McInnes_2.6.1.  TEXT Overlay:  RMSD < 2 Å
2.7. Also observe whether the pose has fulfilled interaction filters, which are set to include atom restraints that require intermolecular contacts known to be critical for binding and/or are required to position the potential capping group in the correct geometry for amide bond formation [2.7.1 – LM].
2.7.1. 52441_McInnes_2.7.1
2.8. Finally, examine poses for visual complementarity, which is defined as having efficient filling of the binding pocket in a manner that is consistent with known structure-activity relationships [2.8.1 – LM].
2.8.1. 52441_McInnes_2.8.1  
3. Synthesis of Potential N-capping groups
3.1. For synthesis of N-capping groups, use all commercial starting materials, solvents and reagents and synthesize by conventional synthetic organic chemistry [3.1.1 – Title Card].
3.2. Perform thin layer chromatography, or TLC, on silica gel for monitoring reactions by first dissolving the starting material and reaction mixture in the mobile phase [3.2.1 – MED].  Then spot the dissolved starting material and reaction mixture on the TLC plate using capillary tubes [3.2.2 – CU].
3.2.1. Talent dissolves the starting material and reaction mixture in the mobile phase.  Use labeled containers.
3.2.2. TLC plate as talent applies spots with capillary tubes.  
3.3. Place the TLC plate into the chamber containing the mobile phase [3.3.1 – MED-over the shoulder].  Once the mobile phase reaches 90% of the TLC plate, remove and air dry the plate [3.3.2 – CU]. 
3.3.1. Film as written.  TEXT Overlay:  35:65 ethyl acetate:hexane
3.3.2. Plate showing that the mobile phase has reaches 90% of the TLC plate as talent removes it from the chamber.
3.4. Use UV light to detect the starting material and reaction mixtures as visible spots [3.4.1 – MED-over the shoulder].  Then, calculate the Rf of each spot, which is the ratio of distance travelled by the spot and the mobile phase [3.4.2 – CU]. 
3.4.1. Talent places the UV light over the TLC plate.
3.4.2. Lab notebook as talent calculates the Rf of each spot.
3.5. Next, place the reaction mixture in a separatory funnel and wash it with aqueous acid or base solution as appropriate [3.5.1 – MED].  Collect the organic solvent and evaporate it in a rotary evaporator [3.5.2 – CU] before drying the crude product obtained under a vacuum [3.5.3 – MED-over the shoulder]. 
3.5.1. Talent places the reaction mixture into a separatory funnel and washes it with acid or base from a labeled container.
3.5.2. Separatory funnel as talent collects the organic solvent.
3.5.3. Talent places the crude product under a vacuum to dry it.
3.6. Dissolve 500 milligrams of crude product in 3 to 5 milliliters of suitable solvent and add it to a silica or RP18 samplet before drying under air [3.6.1 – CU].
3.6.1. Crude product as talent dissolves in 500 milligrams of crude product in 3-5 mL of suitable solvent and adds to a silica or RP18 samplet.  Use labeled containers.  
3.7. Place the samplet containing the crude product in silica reversed phase SNAP cartridges [3.7.1 – MED-over the shoulder].  Purify the crude material using automated high performance flash chromatography employing a SNAP 100 gram column with a gradient run over 15 column volumes [3.7.2 – MED].
3.7.1. Talent places the samplet containing the crude product in silica reversed phase SNAP cartridges.  TEXT Overlay:  see text for gradient 
3.7.2. Talent purifies the crude material using high performance flash chromatography.
3.8. Dry the purified product collected in solvent from flash chromatography using a rotary evaporator by evaporating all the solvent to dryness [3.8.1 – CU].  Then further dry the product under vacuum to remove all the residual solvents [3.8.2 – MED].  Perform characterization of the purified product by NMR, MS and analytical HPLC as described in the text protocol [3.8.3 – CU].
3.8.1. Rotary evaporator as talent places the solvent there.
3.8.2. Talent places the product under the vacuum.
3.8.3. Dried product as talent removes from under vacuum. 
4. Solid phase synthesis for the generation of FLIPs
4.1. To synthesize N-capped Fragment ligated inhibitory peptides, or FLIPs (pronounced as “flips”), assemble N-capped peptidic compounds through standard solid-phase synthesis methods [4.1.1 – Title card].
4.1.1. Title Card. 
4.2. Activate 5 equivalents of the C-terminal amino acid in 4.4 equivalents of HBTU in 2 milliliters of dimethylformamide, or DMF, for 5 minutes [4.2.1 – MED].  Load the mixture onto Rink resin using 6 equivalents of di-isopropyl-ethyl amine for 1 hour at room temperature [4.2.2 – CU]. 
4.2.1. Talent activates 5 equivalents of the C-terminal amino acid in 4.4 equivalents of HBTU in 2 mL of DMF.  Use labeled containers.  TEXT Overlay:  HBTU = O-Benzotriazole-N,N,N’,N’-tetramethyl-uronium-hexafluoro-phosphate
4.2.2. Rink resin as talent loads the mixture there using 6 equivalents of di-isopropyl-ethyl amine.  Use labeled containers.
4.2.3. [added] Talent applies wash cycles TEXT Overlay:  5 x 10 ml of DMF + 5 x 10 ml of DCM
4.3. Remove the Fmoc protecting group from the C-terminal residue using 20% piperidine in 3 milliliters of DMF for 10 minutes [4.3.1 – MED-over the shoulder].  Couple subsequent amino acids step by step.  At each step, couple 5 equivalents of the next amino acid using 6 equivalents of di-isopropyl-ethyl amine and 4.4 equivalents of HBTU in 2 milliliters of DMF for 1 hour at room temperature [4.3.2 – CU].
4.3.1. Talent adds the 20% piperidine solution to the reaction.  Use labeled containers.
4.3.2. [added] Talent applies wash cycles TEXT Overlay:  5 x 10 ml of DMF + 5 x 10 ml of DCM
4.3.3. Reaction as talent couples 5 equivalents of the next amino acid to 6 equivalents of DIPEA and 4.4 equivalents of HBTU in DMF.  Use labeled containers.
4.4. Apply wash cycles after amino acid coupling and Fmoc deprotection steps [4.4.1 – MED].  After peptide assembly, couple N-capping groups using 6 equivalents of di-isopropyl-ethyl amine and 4.4 equivalents of HBTU in 2 milliliters of DMF for 1 hour at room temperature [4.4.2 – CU].
4.4.1. Talent applies the wash cycles.  TEXT Overlay:  5 x 10 ml of DMF + 5 x 10 ml of DCM
4.4.2. Reaction as talent couples N-capping groups using 6 equivalents of DIPEA and 4.4 equivalents of HBTU in 2 mL of DMF.  Use labeled containers.
4.4.3. [added] Talent applies wash cycles TEXT Overlay:  5 x 10 ml of DMF + 5 x 10 ml of DCM
4.5. Upon completion of peptide assembly, treat the reaction mixture with 2 milliliters of the cleavage mixture overnight to remove side chain protecting groups, and cleave FLIPs from the resin [4.5.1 – MED-over the shoulder].  
4.5.1. Talent treats the reaction mixture with 2mL of the cleavage mixture.  Use labeled containers. Collect filtrate after cleavage and evaporate the solvent using the rotary evaporator TEXT Overlay:  see text for cleavage mixture
4.6. Triturate the resulting product with cold diethyl ether to precipitate and if necessary concentrate in a rotary evaporator [4.6.1 – CU].  Filter the resulting solid and dry under vacuum or freeze dry using a lyophilizer. At this point proceed to the fluorescence polarization binding assay as described in the text protocol for determination of competitive binding [4.6.2 – MED or WIDE].
4.6.1. Resulting product as talent triturates.
4.6.2. Talent performing a step in the fluorescence polarization binding assay.
5. Results: Identification of more drug-like inhibitors of CDK2 through the cyclin groove  
Authors, please indicate how to pronounce “HAKRRLIF” and “3,5-DCPT-RLIF” in the narration of the video.
5.1. The modeled structure of HAKRRLIF bound to the cyclin binding groove is shown.  The cyclin groove consists of two hydrophobic pockets [5.1.1 – LM] – a larger primary pocket [5.1.2 – LM] and a smaller secondary pocket, which are bridged by acidic residues depicted in red [5.1.3 – LM]. 
5.1.1. 52441_McInnes_Figure1.png. Editors, please zoom into the left side of this figure as the 1st sentence is narrated.
5.1.2. 52441_McInnes_Figure1.png. Editors, staying zoomed in, please highlight the arrow and label “primary pocket.”
5.1.3. 52441_McInnes_Figure1.png. Editors, staying zoomed in, please highlight the arrow and label “secondary pocket.”
5.2. Other important interactions include hydrogen bonding contacts of the peptide backbone [5.2.1 – LM], and ion-pairing interactions of the three basic residues of the peptide [5.2.2 – LM].
5.2.1. 52441_McInnes_Figure1.png. Editors, staying zoomed in, please slide over to the right panel and highlight the labels Trp217, Gln254, Ile281.
5.2.2. 52441_McInnes_Figure1.png. Editors, staying zoomed in to the right panel, highlight the labels Glu220, Glu224, Aps283.
5.3. Here, the binding mode of 3,5-DCPT-RLIF is shown displayed with hydrogen bonding interactions with sidechain atoms of Tryptophan 217 and Glutamine 254 [5.3.1 – LM].
5.3.1. 52441_McInnes_Figure2.png.  Editors, please highlight the green dashed lines to Trp 127 and to Gln 254.
5.4. Docked poses of 3 representative N-capping groups are shown with each of these compounds possessing Hydrogen bonds with the interaction filter atoms of Tryptophan 217 and Glutamine 254 as depicted by green dashed lines.  The phenyl substituent makes van der Waals interactions with the secondary hydrophobic pocket [5.4.1 – LM].
5.4.1. 52441_McInnes_Figure3_noABClabels.png – Authors, please provide a version of this figure without the A-C labels. Editors, please zoom into the left most panel and then slowly pan across the 3 panels through the narration of 5.4.  Highlight the green dashed line for better visibility.
5.5. The chromatogram shows that of the four observed peaks, the major peak eluting at 55% ethyl acetate /45% hexanes was found to be the desired product [5.5.1 – LM].
5.5.1. 52441_McInnes_Figure4.png.  Editors, please highlight the right-most peak as the second part of the sentence is narrated.
6. Conclusion (said by authors on camera)
6.1. Campbell McInnes:  After watching this video, you should have a good understanding of how to perform and apply the REPLACE strategy in order to identify a known peptide inhibitor of a protein-protein interaction into a more drug-like molecule as a starting point for therapeutic development [6.1.1 – MED].
6.1.1. Talent speaks toward camera, interview style. 
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.

figure 1_schematic graphic - Authors, please provide a layered version of figure 1 of high resolution for the editors to manipulate for the schematic.  You can name the file “figure 1_schematic graphic.”
52441_McInnes_2.6.1
52441_McInnes_2.7.1
52441_McInnes_2.8.1  

52441_McInnes_Figure1.png
52441_McInnes_Figure2.png
52441_McInnes_Figure3_noABClabels.png – Authors, please provide a version of this figure without the A-C labels. 
52441_McInnes_Figure4.png
SCREEN Capture Movies:
52441_McInnes_SCREEN_2.2.2:  Screen capture movie as talent sets the receptor and prepared ligands as input for the receptor-ligand interactions protocol.
52441_McInnes_SCREEN_2.3.1:  Screen capture movie as talent selects PLP1.
52441_McInnes_SCREEN_2.4.1:  Screen capture movie as talent specifies that poses be energy minimized and that the number of generated poses as 10.
52441_McInnes_SCREEN_2.5.1:  Screen capture movie as talent displays the poses in the visualizer program and then sorts them by descending values of the PLP1 score.
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


