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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? ____Y_____  
Can you record movies/images using your own microscope camera? ____N_____  
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: LEICA DM IL
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? ___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.)
2.2.1; 2.4.4; 3.3.1; 3.6.1; 3.10.2; 3.13.1
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. 
2.1.2 appropriate densities of CsCl buffers are crucial to ensure proper gradient formation and thus vector purity; 
2.2.1 during centrifugation vector particles become highly concentrated and tend to oxidize. For successful coupling this must be prevented by a reducing gradient environment with TCEP and argon.

E.  Will the filming need to take place in multiple locations? ___Y____ If yes, how far apart are the locations? _several rooms at the same floor, approx. 20m

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Florian Kreppel: This method can help answer key questions in the field of gene therapy, genetic vaccination and oncolysis since it facilitates understanding and modulating of vector-host-interactions [1-INT].
1.1.1. Florian Kreppel says the above statement in an interview style shot, looking slightly off-camera
1.2. Claudia Hagedorn: The main advantage of this technique is that adenovirus capsids can be specifically modified at selectable positions and to variable extend by simple chemistry in a highly defined manner [1-INT].
1.2.1. Claudia Hagedorn says the above statement in an interview style shot, looking slightly off-camera 

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Franziska Jönsson: The implications of this technique extend toward therapy because vector-host-modifications cannot only be analysed but also modulated in a patient oriented way [1-INT].
1.3.1. Franziska Jönsson says the above statement in an interview style shot, looking slightly off-camera
1.4. Claudia Hagedorn: Though this method can provide insight into specific vector-host-interactions, it can also be used for labeling and tracking of virus particles in living organisms such as mice [1-INT].
1.4.1. Claudia Hagedorn says the above statement in an interview style shot, looking slightly off-camera
1.5. Florian Kreppel: Generally, individuals new to this method will struggle with the unique combination of virology and organic chemistry that requires practical knowledge from both fields [1-INT].
1.5.1. Florian Kreppel says the above statement in an interview style shot, looking slightly off-camera
1.6. Franziska Jönsson: Visual demonstration of this method is critical because methods from organic chemistry meet methods from cell biology and virology, including field-specific handling tricks [1-INT].
1.6.1. Franziska Jönsson says the above statement in an interview style shot, looking slightly off-camera


Protocol: (read by voice talent at JoVE)
2. Coupling Moieties: Storage and Preparation
2.1. To begin this procedure, prepare all buffers as outlined in the text protocol [1-MED]. Weigh 1 mL of each gradient buffer to check its density [2-MED].
2.1.1. Talent approaches the laboratory bench and begins to prepare a buffer. The preparation of any buffer can be used in this shot.
2.1.2. Talent weights 1 mL of one of the gradient buffers.
2.2. After sterilizing all of the buffers, sparge the buffers containing TCEP with argon gas for about 30 seconds to prevent oxidation of the TCEP [1-MED-TXT].
2.2.1. Talent sparges the buffers containing TCEP with argon gas. TEXT: See text for details on sterilization.
2.3. Store the vials containing the solid, powdered coupling moiety in larger tubes – each filled with a cushion of silica gel beads – to prevent the build-up of condensing water when thawing the vials [1-MED-TXT]. Place these tubes into a desiccator [2-MED].
2.3.1. Talent places a vial into a larger tube that is filled with a cushion of silica gel beads. Also capture a CU of the larger tube, clearly showing the silica gel beads, as the vial is placed inside. TEXT: Do not close the tubes.
2.3.2. Talent places the tubes (containing the vials) into a desiccator.
2.4. [1-MED] [2-MED] [3-MED]. Remove the air in the desiccator and replace it with argon gas [4-MED].
2.4.1. Talent places the container on the lab bench. Alternatively, film the talent picking the container up and walking out of frame.
2.4.2. Talent fills the container with silica gel beads.
2.4.3. Talent places the container in the desiccator.
2.4.4. Talent removes the air from the desiccator and begins the flow of argon gas.
2.5. Then, close each tube tightly and transfer it into a bigger container with silica gel beads [1-MED]. Once all the tubes have been transferred, close the container [2-MED]. Store the container at -80 °C until ready to use [3-MED].
2.5.1. Talent closes a tube and then transfers it into the container. Repeat this action if necessary to fill the length of the voiceover narration.
2.5.2. Talent finishes placing the last tube into the container, and then closes the container.
2.5.3. Talent places the container into a freezer at -80 °C.
2.6. When ready to thaw [1-MED], place the container into a layer of silica beads in a desiccator [2-MED]. Allow the container to slowly warm to room temperature [3-CU], and then open the container [4-MED].
2.6.1. Talent removes the container from the freezer.
2.6.2. Talent places the container in a layer of silica beads inside the desiccator.
2.6.3. Close up shot of the container as it warms to room temperature in the desiccator.
2.6.4. Talent opens the container.
3. Amplification, Purification and Chemical Modification of Ad Vectors
3.1. When cells reach the optimal cytopathic effect [3.1.0], collect them by scraping the plates [1-MED-TXT] and transferring the supernatant to centrifuge tubes [2-MED]. Spin the cell suspension at 400 x g for 10 minutes [3.1.3].
3.1.0 [Added Shot]: cells of optimal cytopathic effect under the microscope
3.1.1. Talent scrapes the plates. TEXT: See text for details on amplifying the ad vectors. Editor: Keep this text overlay up for 3.1.1 and 3.1.2 [Shots 3.1.1 and 3.1.2.]
3.1.2. Talent transfers the supernatant from the plate to centrifuge tubes.
3.1.3. Talent places centrifuge tubes in the centrifuge.
3.2. Next, re-suspend the cell pellet in 4 mL of Ad-buffer containing 10 mM TCEP [1-MED-TXT], and transfer the resulting to solution to a sterile 50 mL tube [2-MED].
3.2.1. Talent re-suspends the cell in Ad-buffer. TEXT: See text for re-suspension details for low cell yield or weak CPE.
3.2.2. Talent transfers the solution to a sterile 50 mL tube.
3.3. Freeze the solution in liquid nitrogen [1-MED], and then thaw it in a water batch at 37 °C [2-CU]. Repeat this freeze/thaw cycle 3 times to rescue the vector.
3.3.1. Talent freezes the solution in liquid nitrogen.
3.3.2. Close up of the tube as it thaws in the water bath. Alternatively, film a MED shot of the talent placing the tube into the water bath.
3.3.3. Talent places the tube back into the liquid nitrogen to freeze it. Film from a different perspective than 3.3.1. Alternatively, film a shot of the talent freezing the tube in liquid nitrogen and a shot of the talent placing it in a water bath to thaw, to be shown side-by-side.
3.4. Centrifuge at 5,000 x g and 4 °C for 10 minutes [1-MED].
3.4.1. Talent places the tube into the centrifuge, and then closes the centrifuge lid. 
3.5. While centrifuging, set out two microcentrifuge tubes to begin preparing two equal caesium chloride step gradients [1-MED]. Add 3 mL of the lower phase to each of the tubes [2-MED-TXT]. Mark the level of the lower phase on the tube before loading the upper phase [3-CU].
3.5.1. Talent sets out two microcentrifuge tubes on the bench. 
3.5.2. Talent adds the lower phase to each tube. TEXT: Lower phase: 1.41 g/cm3 ρCsCl in Ad-buffer + 0.5 mM TCEP.
3.5.3. Close up of the tube showing the talent marking the level of the lower phase.
3.6. Then, carefully stack 5 mL of the upper phase onto the lower phase pipetting it very slowly down along the walls of the tube [1-CU-TXT].
3.6.1. Close up of the tube as the talent pipettes the upper phase slowly down the tube walls. TEXT: 1.27 g/cm3 ρCsCl in Ad-buffer + 0.5 mM TCEP.
3.7. When the gradients are prepared and centrifugation is complete [1-MED], load the supernatant from the sample equally over the two gradients [2-MED].  Fill the remaining space in each gradient tube with Ad-buffer containing 10 mM TCEP [3-MED] – making sure to fill the tubes all the way to the top [4-MED].
3.7.1. Talent retrieves the sample from the centrifuge.
3.7.2. Talent loads the supernatant from the sample tube overly the two gradients.
3.7.3. Talent adds Ad-buffer to each tube.
3.7.4. Close up of the gradient tubes, showing that they’re filled all the way to the top.
3.8. Adjust the weight of the opposite tubes to a 0.0 g weight difference [1-MED], and ultracentrifuge for 176,000 x g and 4 °C for 2 hours [2-MED]. 
3.8.1. Talent adjusts the weight of the opposite tube.
3.8.2. Talent places the tubes into an ultracentrifuge, and then closes the ultracentrifuge lid.
3.9. After this, use a clamp to fix one of the ultracentrifugation tubes to a stand – making sure to leave the area around the lower phase level mark accessible [1-MED]. Place the gooseneck lamp above the tube [2-MED].
3.9.1. Talent uses a clamp to fix one of the ultracentrifugation tubes to a stand.
3.9.2. Talent places the gooseneck lamp above the tube. 
3.10. Around the mark, at the border between the lower and upper phases, a distinct band should be visible [1-CU]. Puncture the tube with a needle and aspiring the vector band into a syringe to collect the vector [2-CU].
3.10.1. Close up of the tube, showing the distinct band. Alternatively, show Figure 3C here.
3.10.2. Close up as the talent punctures the tube with a needle and aspirates the vector band.
3.11. Transfer collected vector virons to a 15 mL tube and calculate the amount of coupling substrate needed as outlined in the text protocol [1-MED].
3.11.1. Talent transfers the collected vector virions to a 15 mL tube, and then begins the process to calculating the amount of coupling substrate needed. Any step in the calculating process may be shown here.
3.12. Then, transfer the vector solution to a tube of appropriate size [1-MED], and add the calculated amount of coupling compound stock solution [2-MED]. Gently mix by overhead rotation for 1 hour at room temperature [3-MED].
3.12.1. Talent transfers the vector solution to a clean tube.
3.12.2. Talent adds the coupling compound stock solution to the tube.
3.12.3. Talent places the tube on an overhead rotator to mix.
3.13. Next, adjust the total volume of the vector solution to 6 mL by adding Ad-buffer [1-MED]. Purify the vector from the unreacted coupling moiety using a second caesium chloride banding step as outlined in the text protocol [2-MED].
3.13.1. Talent adds Ad-buffer to the tube.
3.13.2. Talent layers the sample’s supernatant over two fresh gradients (as described in 3.7.2).
3.14. Puncture the tube with a needle and aspiring the vector band into a syringe [1-MED]. Transfer the collected vectors to a 15 mL tube [2-MED]. If the combined virions from both gradient tubes is less than 2.5 mL, adjust the volume to 2.5 mL by adding Ad-buffer [3-MED].
3.14.1. Talent punctures the tube with a needle, and then aspirates the vector band.
3.14.2. Talent transfers the vectors to a clean 15 mL tube.
3.14.3. Talent adds Ad-buffer to one of the tubes to adjust the volume to 2.5 mL.
3.15. Load the combined virons onto an equilibrated PD-column, and discard the flow-through [1-MED]. Then, add 3 mL of Ad-buffer to the column and collect the flow-through.
3.15.1. Talent approaches the PD-column with the combined virons in hand, and then loads the virons onto the column.
3.15.2. Talent loads Ad-buffer onto the column. If needed, film a shot of the talent collecting the flow-through.
3.16. Add 333 µL of glycerol to the collected flow-through to obtain a final concentration of 10% [1-MED]. Divide this into suitable aliquots [2-MED], making sure to include an aliquot of 20 µL for titer determination by OD260 measurement [3-MED].
3.16.1. Talent adds glycerol to the collected flow-through.
3.16.2. Talent divides the flow-through into aliquots.
3.16.3. Talent sets aside a 20 µL aliquot of the flow-through.
3.17. Store the vector solution at -80 °C until ready to use.
3.17.1. Talent places the container into a freezer at -80 °C.
4. Results: Combined Genetic and Chemical Capsid Modifications of Adenovirus-Based Gene Transfer Vectors
4.1. Representative results of the cytopathic effect on 293 cells indicate that vector production is successful [1-LM]. Cells should show morphology 40 – 48 hours after being inoculated with the virus vector [2-LM].
4.1.1. LAB MEDIA: Fig 2 incl scale bars
4.1.2. LAB MEDIA: Fig 2 incl scale bars – Visually emphasize Figure 2C
4.2. Silver-stained SDS-PAGE is then uses to assess coupling efficiency [1-LM]. Vectors with cysteines introduces into the capsomeres penton base [2-LM] – both with the hexon modified and unmodified – are run [3-LM].
4.2.1. LAB MEDIA: Fig 4.pdf
4.2.2. LAB MEDIA: Fig 4.pdf – Visually emphasize lanes 4, 5, and 6 (labeled unPEG, 5kPEG and 20kPEG). Hold this emphasis for 3 sec
4.2.3. LAB MEDIA: Fig 4.pdf – Still holding the emphasis from 4.2.2. Place a different visual emphasis on the hexon bands (there are three).
4.3. The hexon bands exhibit a shift, indicating successful modification of over 90% of the monomers per capsid [1-LM].
4.3.1. LAB MEDIA: Fig 4.pdf – Visually emphasis the 3 labeled hexon bands.


5. Conclusion (said by authors on camera)
5.1. Florian Kreppel: While attempting this procedure, it’s important to ensure a reducing environment for unmodified vector particles. After modification a regular atmosphere is suitable. Precise stoichiometric calculations help ensure quantitative vector modification [1-INT].
5.1.1. Florian Kreppel says the above statement in an interview style shot, looking slightly off-camera. Editor: This statement corresponds to 2.2.1, and that shot can be used during part of this statement.
5.2. Claudia Hagedorn: Following this procedure, other methods like coupling of ligands for targeting or of fluorescent dyes for labeling can be performed in order to answer additional questions like receptor usage and biodistribution [1-INT].
5.2.1. Claudia Hagedorn says the above statement in an interview style shot, looking slightly off-camera
5.3. Franziska Jönsson: After its development, this technique paved the way for researchers in the field of Gene Therapy to explore safe and efficient strategies in vector delivery [1-INT].
5.3.1. Franziska Jönsson says the above statement in an interview style shot, looking slightly off-camera
5.4. Florian Kreppel: Please make sure to obey your local GMO and working safety conditions [1-INT]. 
5.4.1. Florian Kreppel says the above statement in an interview style shot, looking slightly off-camera


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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