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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) 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) No.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps

1. Visualizing and cutting out bands from BclI/NgoMIV digestion for cloning.
2. Preparing infection of GXR25 cells.

3. Washing infected cells to remove residual virus without losing cells.

4. Removing supernatants and splitting infected cultures to maintain cell density.

5. Preparing the radiolabeled reverse transcriptase readout assay.

6. Blotting radioactive transcripts onto DE-81 paper and washing the blots to remove background.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
The cloning step is the most technically challenging, however, overall this is a complex series of procedures – all of which need to be performed to a high level in order to ensure success.
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to incorporate gag genes derived from subtype C, HIV-1 infected individuals into a replication competent HIV-1 plasmid in order to assess the effect of Gag sequence polymorphisms on HIV-1 replication capacity in vitro. (Intro)
This is accomplished by first amplifying the gag gene from the patient’s plasma. (P1)
Video editor, please use the P1 animation as suggested by authors in the powerpoint file (JoVE Intro, complete-1, slide 3).
The second step is to clone the patient-derived gag sequence into the replication competent, infectious molecular clone, MJ4. (P2)
Video editor, please use the P2 animation as suggested by authors in the powerpoint file (JoVE Intro, complete-1, slide 4).
Next, the (Video editor, please show the first left “circle”) Gag-MJ4 chimera plasmid is transfected (Video editor, please add the arrow and text “Transfect Gag-MJ4 into HEK 293T cells” and the pink“dish” with triangle “cells”) in order to generate (Video editor, please add arrow and the 6 “flower-like circles” and text “Collect supernatant”) infectious viral stocks and (Video editor, please add downward arrow and the blue rectangle with dots and the text below it) titered to assess infectivity on an indicator cell line. (P3)
The final step is to measure in vitro replication capacity in the GXR25 T cell line. (P4)
Video editor, please use the P4-5 indicated below (first show i, then add ii).
Ultimately, a (Video editor, please add iii in P4-5 indicated below) radiolabeled reverse transcriptase assay is used to (Video editor, please add iv in P4-5 indicated below) quantify virion production over time in order to visualize viral replication kinetics. (P5)
P1
[image: image1.emf]
P2
[image: image2.emf]
P3

[image: image3.emf]
P4-5

[image: image4.emf]
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Eric Hunter: Demonstrating the procedure will be Jessica Prince and Dan Claiborne, the graduate students from my laboratory.  

1.1.1. Interview style: Author saying the above 

1.1.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
1.2. Eric Hunter: This method can help answer key questions in the HIV field, such as describing the determinants of viral replication fitness and how viral fitness might affect long term HIV-1 pathogenesis.  

1.3. Daniel or Jessica: Generally, individuals new to this method will struggle because this protocol requires an extensive series of steps, all of which must be followed closely in order to achieve the desired result. 
Protocol (read by voice talent at JoVE):

2. Amplification of the HIV-1 gag gene from infected, frozen plasma  
2.1. To begin this procedure, reverse-transcribe cDNA from RNA, and amplify the first-round DNA products using reverse-transcriptase and a thermostable DNA polymerase in a one-step RT-PCR (Text overlay: Refer to Table 1A and 1B in the accompanying manuscript for details).  Then, using 1µL of the first round PCR amplification as the DNA template (Text overlay: Refer to Table 2A and 2B in the accompanying manuscript for details), perform a nested second-round PCR amplification.
2.1.1. MED-over the shoulder:  Talent transfers PCR tubes to a thermocycler for amplification.   Text overlay: Refer to Table 1A and 1B in the accompanying manuscript for details.

2.1.2. MED-over the shoulder:  Talent transfers 1µL from the first-round PCR amplification to a reaction tube to give a final volume of 50µL.  Text overlay: Refer to Table 2A and 2B in the accompanying manuscript for details. 
2.2. Next, add 3µL of 5x loading dye to 5µL of the second-round reaction volume.  Run it at 120V on a 1% agarose-TAE gel containing a UV-fluorescent DNA stain until the bands are resolved.   Then, visualize the 1.6kb bands on a blue light illuminator. 
2.2.1. MED-over the shoulder:  Talent adds 3µL of 5x loading dye to 5µL of the second-round reaction volume. Do not use Take #1.
2.2.2. MED-over the shoulder: CU: Talent runs the mixture at 120V on the agarose-TAE gel containing a UV-fluorescent DNA.

2.2.2B MED: Talent presses button on power supply to start electrophoretic separation.
2.2.3. CU:  The gel as the 1.6kb bands are visualized on a blue light illuminator.
2.3. After that, run the remaining 45µL reaction volume on a 1% agarose-TAE gel containing the DNA stain.  Excise the appropriate bands with a clean razor blade and combine three positive reactions per individual. 
2.3.1. MED-over the shoulder:  Talent runs the remaining 45µL reaction volume on a 1% agarose-TAE gel containing the DNA stain. 
2.3.2. CU:  The gel as the appropriate bands are excised.
2.4. Subsequently, extract DNA from the gel slice using a gel purification kit and elute it in the nuclease-free water.  Freeze the product at -20°C for use later.
2.4.1. MED-over the shoulder:  Talent elutes the DNA in the nuclease-free water. Use Take #3.
2.4.2. MED:  Talent places the product in the freezer.
3. Cloning amplified gag genes into the MJ4, subtype C, infectious molecular clone 
3.1. In this procedure, after amplifying the Long Terminal Repeat/5’ UTR portion of the MJ4 plasmid (Text overlay: Refer to Table 3 in the accompanying manuscript for details), visualize the 1.3 kb PCR products on the illuminator.  Excise the positive amplicons, then purify and freeze them as previously described.
3.1.1. MED-over the shoulder:  Talent looking at Camera shot of the 1.3 kb PCR products on an illuminator.  Text overlay: Refer to Table 3 in the accompanying manuscript for details.
3.1.2. MED:  Talent places the products in the freezer. Do not use Take #1.
3.2. Next, create the fused MJ4 LTR-gag amplicons via “splice-overlap-extension” PCR (Text overlay: Refer to Table 4 in the accompanying manuscript for details); visualize, excise, purify and freeze the 3.2kb-long amplicon. 
3.2.1. MED-over the shoulder:  Talent looking at the 3.2 kb PCR products on the illuminator. Text overlay: Refer to Table 4 in the accompanying manuscript for details.

3.3. Now, digest 1.5µg of MJ4 plasmid and 1.5µg of purified LTR-gag PCR product with BclI restriction endonuclease for 1.5 hours at 50°C (Text overlay: Refer to Table 5A in the accompanying manuscript for details).  Subsequently, add 1µL of NgoMIV to the digestion reaction and incubate it at 37°C for 1 hour. 
3.3.1. MED-over the shoulder:  Talent adds BclI restriction endonuclease to 1.5µg of MJ4 plasmid and 1.5µg of purified LTR-gag PCR product.  Text overlay: Refer to Table 5A in the accompanying manuscript for details. Use Take #2.
3.3.1B MED over shoulder: Talent places eppendorf tubes in 50-degree heat block. Use Take #2.
3.3.2. CU:  Over the shoulder: The digestion reaction as 1µL of NgoMIV is added to it. Eppendorf tubes are then placed in a 37-degree heat block.
3.4. After that, add 5x loading dye to the restriction digest reactions.  Slowly electrophorese the total volume on a 1% agarose-TAE gel containing a DNA stain for 1-2 hours at 100 V.  Visualize, excise, and purify the indicated bands for cloning as previously described. 
3.4.1. MED-over the shoulder:  Talent adds 5x loading dye to the restriction digest reactions.

3.4.2. CU:  The gel as electrophoresis is performed. Static shot of gel/bands on blue light illuminator.
3.4.3. MED-over the shoulder:  Talent excises the indicated bands.

3.5. Next, prepare the ligation reactions using purified LTR-gag insert and MJ4 vector DNA at a 3:1 insert to vector ratio. Incubate the ligation reactions overnight at 4°C (Text overlay: Refer to Table 5B in the accompanying manuscript for details). 
3.5.1. MED-over the shoulder:  Talent adds purified LTR-gag insert and MJ4 vector DNA together.  Text overlay: 

ng of insert = (ratio of insert(3):vector(1)) * (ng of vector(50)) * (length of insert in kilobases(3))







(length of vector in kilobases(10))

Video editor, please overlay the above formula as authors suggested.
3.5.2. MED:  Talent places the sample in the refrigerator thermocycler at 4 degrees, overnight.  Text overlay: Refer to Table 5B in the accompanying manuscript for details.
3.6. Then, transform JM109 chemically competent bacteria with ligation products, spread on LB agar plates with 100µg/mL ampicillin and grow at 30°C for at least 22 hours.
3.6.1. MED-over the shoulder:  Talent plates the transformation reaction onto a LB agar plate.
3.7. To confirm cloning fidelity, cut the miniprep DNA with NgoMIV and HpaI restriction enzymes in a double digest at 37°C for 2 hours.  Afterward, analyze it on a 1% agarose-TAE gel (Text overlay: Refer to Table 5C in the accompanying manuscript for details).
3.7.1. MED-over the shoulder:  Talent places the sample in the incubator. 

3.7.2. CU:  The gel as it is visualized on a blue light illuminator.  Text overlay: Refer to Table 5C in the accompanying manuscript for details.

4. In vitro replication of Gag-MJ4 chimeras in GXR25 (CEM-CCR5-GFP) cells
4.1. Calculate the volume of virus needed from each stock based on the IU/µL titer from a TZM-bl cell assay in order to infect 5x105 GXR25 cells at a multiplicity of infection of 0.05. Be sure to wear proper personal protective equipment for working with replication competent HIV, which includes a full gown, face mask, and double gloves. On the day of infection, remove virus stocks from the -80°C freezer and thaw. (Text overlay:  Volume of virus for infection (µL)  =  1µL/X IU x 0.05 x 500,000). 
4.1.1. MED:  Talent takes the virus stocks out from the freezer. Order Change: Move to step 4.1.3.
4.1.2. MED-over the shoulder:  Talent clicking buttons on the computer monitor showing an excel table.  Text overlay:  Volume of virus for infection (µL)  =  1µL/X IU x 0.05 x 500,000. Order Change: Move step to 4.1.1.  Instead of camera shot, we might want to consider just using a still screen shot of excel workbook, as it was difficult to capture the computer screen with the camera.  Image file is noted at end of document.
4.1.2. Talent putting on the proper personal protective equipment to work in a BSL-2+ facility.
4.2. Next, dilute the virus in cRPMI (Text overlay:  cRPMI:  complete Roswell Park Memorial Institute) media to a volume of 100µL in order to achieve a 0.05 MOI (Text overlay: MOI: multiplicities of infection).  Add it to the V-Bottom tissue culture treated 96-well plate, including both a positive and a negative control in each set of replication experiments, and set up the plate such that every other column is blank to limit cross-contamination between wells.
4.2.1. MED-over the shoulder:  Talent dilutes virus in adds cRPMI to a volume of 100µL 96-well V-bottom plate.  Use Take #2.
Text overlay:  cRPMI:  complete Roswell Park Memorial Institute.  

Text overlay: MOI: multiplicities of infection.
4.2.2. MED-over the shoulder:  Talent adds the virus to the 96-well plate.

4.2.3. CU:  The plate as every other column is blank.  

4.3. Afterward, count the GXR25 cells using an automated cell counter and calculate the number of cells needed in total for all infections.   Aliquot the required volume into a 50mL conical tube and centrifuge to pellet the cells. 
4.3.1. MED-over the shoulder:  Talent counts the GXR25 cells with an automated cell counter. Use Take #2.
4.3.2. CU:  The 50mL conical tube as it is placed in the centrifuge.
4.4. Then, aspirate the media carefully and resuspend in cRPMI at a concentration of 5x105 cells/100µL.  Pipette the cells into a sterile trough and mix thoroughly.  Subsequently, using a multi-channel pipette, add 100µL of cells into each well of the 96-well plate containing the diluted virus and mix thoroughly.  
4.4.1. MED-over the shoulder:  Talent aspirates the media carefully.

4.4.2. CU MED:  The cells as they are being pipetted resuspended and transferred to a trough.

4.4.3. MED-over the shoulder:  Talent adds 100µL of cells into each well of the 96 well plate with a multi-channel pipette.
4.5. After that, add 2µL of 5mg/mL solution of polybrene to each well and mix the cells thoroughly.  Then, incubate at 37°C in a tissue culture incubator with 5% CO2 for 3 hours.
4.5.1. MED-over the shoulder:  Talent adds 2µL of 5mg/mL solution of polybrene to each well.

4.5.2. CU:  The plate as it is placed in the incubator.
4.6. In order to wash the infected cells, centrifuge the 96-well V-bottom plate to pellet the cells. Then, carefully remove 150µL of the medium and replace with a fresh 150µL of cRPMI without disturbing the cell pellet.  Repeat the procedure 2 more times to sufficiently wash the cells.
4.6.1. MED-over the shoulder:  Talent places the plate in the centrifuge. Use Take #2.
4.6.2. CU:  The plate as fresh cRPMI is added to the pellet medium is removed and intact pellet is visualized. Note: 3 takes total.
4.7. After the last centrifugation and the addition of 150µL of cRPMI, resuspend the cell pellet with a multichannel pipette.  Add the mixture from each well to 800µL of cRPMI in a well of a 24-well tissue culture plate.  Then, place the plate in a 5% CO2 tissue culture incubator at 37°C.  
4.7.1. MED-over the shoulder:  Talent resuspends the cell pellet with a multichannel pipette. Note: Use the first part of the shot.
4.7.2. MED-over the shoulder:  Talent adds the mixture from each well to 800µL of cRPMI in a well of a 24-well tissue culture plate.
4.7.3. MED:  Talent places the plate in the incubator.
4.8. Every two days, transfer 100µL of supernatant from the surface of the culture to a well of a 96-well U-bottom plate and freeze for subsequent analysis using the RT assay. Then, resuspend the cells thoroughly and remove half of the remaining volume to prevent cell overgrowth.  After that, restore the original volume by adding 550µL of fresh cRPMI to each well.  
4.8.1. MED-over the shoulder:  Talent removes 100µL of supernatant from the surface of the culture well and places it in a well of a 96 well U bottom plate.  
4.8.2. MED-over the shoulder:  Talent resuspends the cells and removes 450µL (1/2) of culture.
4.8.3. MED-over the shoulder:  Talent restores the original volume by adding 550µL of fresh cRPMI to each well.

4.8.4. CU:  The 96-well U-bottom plate as the cells are transferred to it. 
5. Analysis of reverse transcriptase in cell culture supernatants 

5.1. In this procedure, add 1-2µL of 10mCi/mL of dTTP and 4µL of 1M dithiothreitol to each 1mL aliquot of RT master mix (Text overlay: Refer to Table 10 in the accompanying manuscript for composition). Carefully mix each 1.5 mL microcentrifuge tube of RT master mix, DTT, and dTTP with a 1000µL pipette and transfer to a sterile trough.  
5.1.1. MED-over the shoulder:  Talent adds 1-2µL of 10mCi/mL of dTTP and 4µL of 1M dithiothreitol to each 1mL aliquot of RT master mix.  Text overlay: Refer to Table 10 in the accompanying manuscript for composition. Don’t use Take #1.
5.1.2. MED-over the shoulder:  Talent mixes each 1.5 mL microcentrifuge tube of RT master mix, DTT, and dTTP with a 1000µL pipette, and transfers to a trough. Don’t use Take #1.
5.2. Next, dispense 25µL of labeled RT mix into each well of a 96-well thin-walled PCR plate.  Add 5µL of each supernatant to the PCR plate containing the RT master mix.  Then, seal the PCR plate with an adhesive foil cover and incubate for 2 hours at 37°C in a thermocycler.   
5.2.1. MED-over the shoulder:  Talent dispenses 25µL of labeled RT mix into each well of 96-well thin-walled PCR plate.

5.2.2. MED-over the shoulder:  Talent adds 5µL of each supernatant to the PCR plate containing the RT master mix.
5.2.3. CU:  The PCR plate as it is sealed with adhesive foil cover.
5.3. After incubation, make small holes in the foil cover using a 200µL multi-channel pipette.  Mix the samples 5 times.  Transfer 5µL of each sample to DE-81 paper and allow all the samples to air dry for 10 min.
5.3.1. MED-over the shoulder CU:  Talent makes small holes in the foil cover using a 200µL multi-channel pipette.

5.3.2. CU:  The samples as they are mixed 5 times.

5.3.3. MED-over the shoulder:  Talent transfers 5µL of each sample to the DE-81 paper.

5.3.3B ECU: Additional close up shot of samples being transferred to DE-81 paper.
5.4. Subsequently, wash the blots 5 times with 1X SSC (Text overlay: SSC: sodium chloride, sodium citrate); then, 2 times with 90% ethanol for 5 minutes per wash before letting them air dry.  
5.4.1. MED-over the shoulder:  Talent washes the blots with 1X SSC.  Text overlay: SSC: sodium chloride, sodium citrate.

5.4.2. MED-over the shoulder:  Talent washes the blots with 90% ethanol.

5.5. Place the blots in separate washing containers. Subsequently, wash the blots 5 times with 1X SSC (Text overlay: SSC: sodium chloride, sodium citrate), then 2 times with 90% ethanol for 5 minutes per wash before letting them air dry. 
5.5.1. MED-over the shoulder:  Talent places the blots in a separate washing containers.

5.5.2. CU:  The blot as 1X SSC wash buffer is added to cover it.  Text overlay:  1X SSC or 90% EtOH, repeat 4x. Note: may be better to put text overlay specifying 4x repetition with 5.5.4.
5.5.3. MED-over the shoulder:  Talent places the container turns on the shaker.
5.5.4. MED-over the shoulder:  Talent pours the wash buffer into another container.
5.5.5.  MED: Add 90% ethanol to blot.
5.5.6. Remove ethanol from blot. Potential text overlay: Repeat ethanol wash.
5.6. Once dry, carefully wrap the blot in saran wrap and expose it to the phosphoscreen in a tightly sealed cassette overnight at room temperature.  Once ready, analyze the phosphoscreens with a phosphorimager and quantify the radioactive transcripts.
5.6.1. MED-over the shoulder:  Talent places the wrapped wraps the blot and places it in into a cassette.
5.6.2. MED-over the shoulder:  Talent scanning the screens.
6. Results:   A restriction enzyme based cloning method to assess the in vitro replication capacity of HIV-1 subtype C Gag-MJ4 chimeric viruses
6.1. Shown here are the representative gel images depicting the electrophoretic separation of the various PCR amplicons necessary to generate a patient-derived gag amplicon capable of being cloned into the MJ4 plasmid backbone.
6.1.1. LAB_MEDIA: 51506_Hunter_Figure 1

6.2. This representative gel image depicts the electrophoretic separation of restriction digests for cloning patient gag genes into MJ4.
6.2.1. LAB_MEDIA: 51506_Hunter_Figure 2
6.3. And this representative gel image depicts the electrophoretic separation of restriction digests of purified Gag-MJ4 chimera plasmid DNA.
6.3.1. LAB_MEDIA: 51506_Hunter_Figure 3
6.4. This graph shows the reproducibility of the replication assay over time in the GXR25 cell line. The same Gag-MJ4 chimeric viruses were used to infect GXR25 cells in two independent experiments performed approximately one year apart.  (Video editor, please highlight the x- and y-axis  labels “Replication score”) Replication scores were generated by calculating the slope of log-transformed DLU values and normalizing that slope to wild-type MJ4.  The two independent measurements are strongly correlated (Video editor, add “R2 = 0.873”) and highlight the reproducibility of assays performed at different times and with cells at different passages.
6.4.1. LAB_MEDIA: 51506_Hunter_Figure 7

7. Conclusion (said by authors on camera)

7.1. Jessica: After its development, this technique paved the way for researchers in the field of HIV-1/AIDS to explore the viral determinants of pathogenesis (subdivision of field, disease, natural phenomenon) in acute subtype C HIV-1 infection, the subtype which infects more than 50% of HIV-1 positive individuals worldwide.
7.2. Daniel: Don't forget that working with infectious HIV-1 can be extremely hazardous and precautions such as working in a contained BSL-2+ facility and regularly decontaminating surfaces should always 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, 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.  

4.1.1. - Hunter_MOI_screenshot.tiff – excel screen capture of sample calculations for virus mulitiplicity of infection (MOI).
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.

( 2011, Journal of Visualized Experiments


