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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  (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)_____N___ 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 3.1, 3.2, 4.3, 4.7. 
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.) 3.2, 4.7

E.  Will the filming need to take place in multiple locations? (Y/N) _______ If yes, how far apart are the locations? ________________N___________________________________

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 produce a gene deleted high capacity adenoviral vector for delivery and expression of therapeutic transgenes in living cells or organisms. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Eric Ehrke-Schulz: This method can help the gene therapy field to deliver large transgenes, that do not fit into other viral vectors. 

1.2. Eric Ehrke-Schulz: The main advantage of this technique is that HCAdV are void of viral genes Using these vectors up to 35 kb of foreign DNA can be delivered and immunologic responses against viral gene products can be circumvented. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Thorsten Bergmann: The implications of this technique extend toward therapy of inherited diseases, because it helps to deliver therapeutic transgenes for gene replacement or gene correction of defective genes.  
1.2. Theo Leitner: Though this method provides an advanced tool insight for viral delivery of therapeutic transgenes that can be applied to cultured cells and living organisms.

1.3. Anja Erhardt: Visual demonstration of this method is critical as the viral preamplification needs some experience and one needs to have the right touch during the purification of the vector particles. 
Protocol (read by voice talent at JoVE):

2. Pre-Amplification of HCAdV Vectors in the Producer Cell Line 116
2.1. Check an aliquot of 1:10 diluted, linearized, high-capacity, adenovirus genome expression plasmid by gel electrophoresis [2.1.1-MED]. A 9 kilobase fragment for the pAdFTC (pronounced “P. add F.T.C”) plasmid backbone and a second 28 to 36 kilobase DNA fragment for the high capacity adenovirus genome plus gene of interest should be detectable [2.1.2-LM]. 

2.1.1. Talent loading an agarose gel with digested plasmid. 

2.1.2. LAB MEDIA: 52894_Ehrhardt_Figure2D. Video editor – please animate an arrow pointing to the lower band when “A 9 kilobase fragment” is narrated and then remove that and animate an arrow pointing to the upper band when “and a second 28 …” is narrated. 

2.2. Next, transfect a 60-millimeter dish of 116 (pronounced one-one-six) cells at 50 to 80% confluency with 5 micrograms of the linearized high-capacity adenovirus genome according to standard procedures [2.2.1-MED – over the shoulder]. 

2.2.1. Talent at the tissue culture hood with the plate of cells and a ‘transfection mixture’.  Talent pipettes transfection mixture from the tube into the 60 mm dish. 

2.3. Sixteen to eighteen hours post-transfection, carefully remove the medium and add 3 milliliters of fresh medium [2.3.1-MED-TXT]. Then infect the cells with helper virus AdNG163R-2 (pronounced “add N.G.1.6.3.R two”) [2.3.2-CU] applying 5 transducing units per cell [2.3.3-MED-over the shoulder-TXT]. 
2.3.1. *film as written. TEXT: MEM, 5 % FBS. 

2.3.2. Helper virus is pipetted from the labeled tube. The label ‘AdNG163R-2’ is clearly visible. 
2.3.3. The helper virus is pipetted into the 60mm dish. TEXT: ~1.6x 107 transducing units (TU) for a 60 mm dish containing ~3.2x 106 cells. 

2.4. Incubate in a tissue culture incubator at 37(C and 5% CO2 [2.4.1-WIDE], and agitate the plate every 20 minutes during the first hour of incubation to equally distribute the helper virus to all cells [2.4.2-MED]. 

2.4.1. Talent approaches the incubator and opens the door. 

2.4.2. Talent is at the incubator with the door open. Talent agitates the plate and then places it in the incubator. Shot will be reused once. 

2.5. 48 hours post-infection, harvest the cells by flushing them from the culture dish using the culture medium [2.5.1-MED-TXT]. 

2.5.1. *film as written. Shot will be reused once. TEXT: P0 cell harvest. 

2.6. Reserve a 0.5-milliliter aliquot of the P0 (pronounced “passage zero”) cells for isolating genomic DNA [2.6.1-MED-over the shoulder-TXT]. Then repeatedly freeze-thaw a 2.5-milliliter aliquot of P0 cells by immersing in liquid nitrogen, or placing the cells in the -80(C freezer, and then transferring to a 37(C water bath three to four times [2.6.1-MED/CU-TXT]. 

2.6.1. Talent pipettes an aliquot of the cells into another tube. TEXT: See the written protocols for details genomic DNA isolation.

2.6.2. *film as written. The liquid nitrogen should be used so that the tube can be transferred between the liquid nitrogen and the water bath in a single shot. Shot will be reused once. TEXT: Freeze/thaw 3-4 times. 

2.7. Mix the 2.5-milliliters of lysate with 1-milliliter of fresh medium and add helper virus at two transforming units per cell [2.7.1-MED]. Aspirate the media from a 60-millimeter dish of 116 cells at 90 to 95% confluency and add the viral mixture to the cells [2.7.2-MED-over the shoulder]. 

2.7.1. *film as written. 

2.7.2. *film as written. 

2.8. Incubate the cells for 48 hours as before [2.8.1-MED], then harvest the cells and repeat the freeze-thaw and infection procedures twice to obtain lysates of P1 and P2 [2.8.2-CU]. 

2.8.1. Use 2.4.2. Talent places the plate in the incubator. 

2.8.2. Use 2.6.2 Freeze/thaw procedure. TEXT: P1 and P2 harvest. 

2.9. After the P2 lysate has been obtained, mix the 2.5 milliliters of lysate with 17.5 milliters of fresh media and add 2 transforming units per cell of helper virus [2.9.1-MED-TXT]. Aspirate the media from an 80 to 100% confluent 150-millimeter dish of 116 cells and infect the cells with the viral mixture [2.9.2-MED-over the shoulder]. 

2.9.1. *film as written. TEXT: ~4 x 107 TU for a 150 millimeter dish containing ~2 x 107 cells. 

2.9.2. *film as written. 
2.10. 48-hours post-infection, harvest the P3 lysate using the procedure just shown [2.10.1-MED]. 

2.10.1. Use 2.5.1. Cells being washed off the plate. TEXT: P3 harvest. 
3. Large Scale Amplification of High-capacity adenovirus Vectors in 116 Cells in Suspension
3.1. To begin this step, add 900 milliliters of pre-warmed media to a three-liter spinner culture flask [3.1.1-MED-TXT]. 

Misformatted *film as written. TEXT: MEM + 10% FBS and 100 (g/ml hygromycin B. 

Remove the media from at least 10 individual 150-millimeter dishes of 116 cells at 90 to 100 % confluency [3.3.1-MED-over the shoulder], and flush off the cells with 10 milliliters of fresh pre-warmed media [3.3.2-MED]. Pipette up and down several times to get a homogeneous cell suspension [3.3.3-CU], and then transfer the cells directly into the spinner flask [3.3.4-MED]. 
3.1.1. *film as written. Only need to see the removal of media from a few dishes. 
3.1.2. *film as written. 
3.1.3. *film as written. 
3.1.4. *film as written. 
3.2. Incubate the spinner flask on a magnetic stirrer in a tissue culture incubator for 24 hours at 37°C and 5% CO2 [3.4.1-MED-over the shoulder]. Adjust the magnetic stirrer to 70 rpm to avoid attachment of cells to the glass surfaces [3.4.2-CU].
3.2.1. Talent places the flask on the magnetic stirrer in the TC hood. 
3.2.2. Talent’s hand adjusts the speed to 70 rpm and we see the stirrer move at 70 rpm. 
3.3. 24 hours after setting up the spinner culture flask, add 500 ml of fresh media. Repeat this step again after a further 24 hours [3.5.1-MED]. 
3.3.1. Talent adds 500 ml of fresh media to the flask. Ideally Talent should be wearing something different to show that time has passed.
3.4. 72 hours after setting up the culture, add one liter of fresh media to the flask, resulting in a total volume of three liters of cell suspension [3.6.1-MED-over the shoulder]. 

3.4.1. Talent adds 1 liter of media to a flask containing culture and 2 liters of media. Ideally Talent should be wearing something different to show that time has passed.  
3.5. 24 hours later, harvest the 116 suspension cells by centrifugation for 10 minutes at 500 x g at room temperature [3.7.1-MED-TXT]. Discard the supernatant [3.7.2-MED-over the shoulder], and resuspend the pellet in 150-milliliters of media by pipetting up and down about 8-10 times [3.7.2-MED-TXT]. 

3.5.1. Talent loads the cell suspension into the centrifuge, closes the lid and presses start. TEXT: 500 x g, 10 min, RT. 

3.5.2. *film as written. 

3.5.3. *film as written. TEXT: MEM + 5% FBS. 

3.6. Transfer the cells to a 250 ml storage bottle equipped with a sterile magnetic stir bar [3.8.1-MED]. Then, co-infect cells with the P3 lysate and 2 transforming units of helper virus per cell. Here, the total cell number is ~9x 108 cells, therefore 1.8x 109 transforming units are added [3.8.2-MED-over the shoulder-TXT]. 
3.6.1. *film as written. 
3.6.2. P3 lysate is added to the bottle followed by a volume of helper virus. TEXT: 1.8x 109 TU for ~9x 108 cells. 
3.7. Stir the cell–virus mixture on a magnetic stirrer in the tissue culture incubator for two hours at 60 rpm. Make sure that the storage bottle is not completely closed to allow air circulation [3.9.1-MED].
3.7.1. Talent places the storage bottle on the stirrer in the TC incubator, sets the speed to 60 rpm and then loosens the cap. 
3.8. Two hours post-infection transfer the total volume of the cell–virus mixture back into the three liter spinner culture flask [3.10.1-MED], add 1,850 ml of fresh pre-warmed media [3.10.2-CU], and incubate in the tissue culture incubator for 48 hours at 70 rpm [3.10.3-WIDE-TXT].
3.8.1. *film as written.
3.8.2. *film as written. 
3.8.3. Talent opens door of incubator and places flask on the stirrer. TEXT: 48 hours. 
3.9. After 48 hours transfer the cell-virus suspension to 500 ml centrifuge tubes [3.11.1-MED-over the shoulder], and then centrifuge for 10 minutes at 890 x g at room temperature [3.11.2-MED-TXT]. 
3.9.1. *film as written. 
3.9.2. Talent places the tubes in the centrifuge and closes the lid. TEXT: 890 x g, 10 min, RT. 
3.10. Remove the medium and re-suspend the pelleted cells in a total volume of 28 ml of DPBS [3.12.1-MED]. Store the cell–virus suspension at -80 °C until ready for virus purification [3.12.2-WIDE]. 
3.10.1. *film as written. 
3.10.2. Talent places the virus in the -80 freezer. 
4. Purification of High-capacity adenovirus
4.1. To prepare the viral lysate for cesium chloride gradient purification freeze-thaw the cell-virus suspension four times [4.1.1-MED-TXT]. 

4.1.1. Talent places frozen viral lysate into the 37(C water bath. TEXT: Freeze/thaw 4 times. 

4.2. Then centrifuge the viral lysate at 500 x g for eight minutes at room temperature [4.2.1-MED-TXT]. Then collect the supernatant containing the high-capacity adenovirus [4.2.2-MED-over the shoulder].

4.2.1. Show the centrifuge in action. The display should begin counting down from eight minutes. TEXT: 500 x g, 8 min, RT. 

4.2.2. *film as written. 

4.3. Carefully and slowly pipette cesium chloride solutions into the tubes in the following order: 0.5 ml of 1.5 g/cm3 (pronounced “grams per cubic centimeter”) solution, 3 ml of 1.35 g/cm3 solution and 3.5 ml of 1.25 g/cm3 solution [4.3.1-CU].
4.3.1. *film as written.  
4.4. Overlay approximately 4.5 ml of cleared vector supernatant on top of the 1.25 g/cm3 layer [4.4.1-CU]. 
4.4.1. *film as written. 

4.5. Centrifuge the gradients in an ultracentrifuge using a swing out rotor at 12 °C for at least 2 hours at 226,000 x g to separate the high-capacity adenovirus-genome containing viral particles from empty particles and cell debris [4.5.1-MED/MED-over the shoulder-TXT].
4.5.1. Talent loads the centrifuge (it is seen to be balanced), closes the lid, sets the temperature and speed and starts the centrifuge. Parts of this shot will be reused once. TEXT: 226,000 x g, >2 hours, 12 °C, slow acceleration/deceleration. 
4.6. Following the centrifugation a diffuse band of cell debris forms on top of the tubes, below this, two white bands can be observed. The upper band contains empty particles whereas the lower band is the high-capacity adenovirus [4.6.1-CU]. 
4.6.1. Show the tube after centrifugation hold the shot to cover the narration.  Video editor: Please add an arrow pointing to the upper band when “The upper band is narrated” and then a arrow pointing to the lower band when “whereas the lower band” is narrated. 

4.7. Carefully remove the layers of cell debris and empty particles [4.7.1-CU]. Then collect 1 ml of the lower bands from each tube [4.7.2-CU]. 

4.7.1. *film as written. 

4.7.2. *film as written. 

4.8. Transfer the virus into a sterile 50 ml tube [4.8.1-MED]. Add up to 24 ml of 1.35 g/cm3 cesium chloride solution to the collected virus particles and mix carefully [4.8.2-CU]. 

4.8.1. *film as written. 

4.8.2. *film as written. 

4.9. Fill the centrifuge tubes to the top with 1.35 g/cm3 cesium chloride-virus solution [4.9.1-CU], then centrifuge overnight at 226,000 x g at 12 °C in an ultracentrifuge using a swing out rotor with slow acceleration and deceleration [4.9.2-MED-TXT].
4.9.1. *film as written. 

4.9.2. Use 4.5.1. TEXT: 226,000 x g, 18– 20 h, 12 °C, slow acceleration/deceleration. 
4.10. Remove the upper layers from the top using a pipette [4.10.1-CU]. Then collect the high-capacity adenovirus present in the prominent lower band using a fresh pipette tip [4.10.2-CU]. 
4.10.1. *film as written.

4.10.2. *film as written. 

4.11. Finally, dialyze the collected virus particles for buffer exchange [4.11.1-MED], and then titer the final preparation according to the detailed instructions in the written protocol [4.11.2-MED]. 

4.11.1. Show virus being dialyzed. Details are not required. 

4.11.2. Show labeled tube of final virus preparation on bench with reagents for titering. 

5. Results: Characterization of the Final Virus Preparations. 
5.1. This histogram shows absolute numbers of particles for a single vector preparation as determined with three different methods: OD titer measured by optical density; infectious titer, and helper virus contamination measured by qPCR.
5.1.1. LAB MEDIA: 52894_Ehrhardt_Figure7A. Video editor please highlight ‘OD’, ‘infectious titer’ and ‘HV’ in time with the narration. 
5.2. The ratio between total infectious high-capacity adenovirus particles and helper virus contamination levels measured by qPCR is shown here. 
5.2.1. LAB MEDIA: 52894_Ehrhardt_Figure7B

6. Conclusion (said by authors on camera)
2.1. Eric Ehrke-Schulz: Following this procedure, other methods like fluorescent microscopy can be performed in order to monitor vector preamplification and to characterize the vector infectivity of the final vector preparation if a fluorescent marker gene is present in your vector.
2.2. Eric Ehrke-Schulz: After watching this video, you should have a good understanding of how to produced gene-deleted high capacity adenoviral vectors, especially how to insert your transgene into the high capacity adenoviral vectors and how to amplify and purify high capacity adenoviral vectors. 
Provided Media
2.-Figure 1.ppt- Flowchart of cloning the GOI (gene of interest) into pAdFTC. 

2.-Figure 2.ppt- Representative results for the cloning procedure and release of the HCAdV genome from pAdVFTC. A Release of GOI-expression cassette from pHM5 B purified GOI-expression cassette and purified, dephosphorylated pAdVFTC digested with PI-SceI and I-CeuI respectively. C Analytical HincII digest of pAdVFTC clones with and without GOI. D Release of the HCAdV-genome carrying the GOI from pAdVFTC-GOI

2.2.-Figure 3.ppt- Schematic diagram for high-capacity adenoviral vector amplification and purification. 

A HCAdV DNA transfection and helper virus (HV) infection: Transfection of linearized HCAdV genome carrying the GOI into the HCAdV producer cell line and infection with the HV (helper virus) AdNG163R-2 . B Amplification of HCAdV: After pre-amplification steps by serially transferring cell lysate to a new tissue culture dish and co-infecting with HV, large-scale production is performed in a 3 liter suspension culture. C HCAdV purification: virus is isolated by ultracentrifugation using cesium chloride gradients. D Dialysis: 
HCAdV, high-capacity adenoviral vector; ITR, adenovirus serotype 5 inverted terminal repeat; Ψ, packaging signal; HV, helper virus; MOI, multiplicity of infection.

3.-Figure 4.ppt- Representative results of the amplification process. 

A Monitoring of the pre-amplification of viral genomes using qPCR. B  monitoring of viral pre-amplification of a HCAdV encoding GFP by fluorescent microscopy C  monitoring of large scale amplification of a HCAdV encoding GFP in a spinner flask. by fluorescent microscopy  of 116 cells from the spinner flask that were transferred to a 60 mm tissue culture dish. Left panel: clumps of cells growing in suspension. Right panel: same cells as in the left panel using fluorescent microscopy. 100 % of cells are transduced with GFP expressing HCAdV. 

4.6-4.8-Figure 5.ppt-: Representative results after CsCl gradient centrifugation.
4.6- A Figure 5.ppt A Band pattern after step gradient 
4.8- Figure 5.ppt B Band pattern after continuous gradient.
4.9-Figure 6.ppt- Schematic outline of the titration procedure. 

A Measurement of infectious particles: Cells in a multi-well plate are infected with different volumes of purified virus and collected as cell pellets. B Measurement of absolute particles: Unifected cells form a multi-well are collected by trypsinization and centrifugation. After resuspension of cells purified virus is added and genomic DNA is isolated. C Isolation of genomic DNA. D quantitative PCR is performed to quantify viral genome copy numbers.
5.-Figure 7.ppt- Representative results for characterization of the final vector preparation. 

A Absolute numbers of particles of a vector preparation determined with different methods according to the presented protocol: OD titer measured by optical density; infectious titer and HV contamination measured by qPCR. B Ratio between total infectious HCAdV particles and HV contamination levels measured by qPCRs.
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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