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Authors, please fill out the brief questionnaire below.   

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: N.A.  
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.) 4.5, 4.9, 4.10, 4.11, 5.2, 5.5 
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.) __4.9, Ensure that staining is sufficient in order to easily identify the top of the free adaptor, which is to be removed. 
E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations? 
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. Michael Malim: This method can help answer key questions in the retrovirology field, such as the molecular effects of cellular restriction factors or antiretroviral drugs on HIV-1 reverse transcription.
1.2. Darja Pollpeter: The main advantage of this technique is that it not only provides information about the sequence of nascent reverse transcripts but allows mapping of their precise 3’-DNA termini with single nucleotide resolution. 

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

	N.A.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

	N.A.


























Protocol: (read by voice talent at JoVE)

2. HIV-1 DNA Enrichment by Hybrid Capture

2.1. The enrichment of HIV-1 complementary DNAs from whole cell DNA of HIV-1 infected cells is done by hybrid capture and should be carried out in a PCR workstation. [1-WIDE/MED-TXT] 

2.1.1. Talent at a PCR workstation setting out tubes of HIV-1 cDNA that has been quantified by qPCR, some low nucleic acid binding microcentrifuge tubes, aerosol filter pipette tips, and other reagents. TEXT:  Refer to text protocol for DNA extraction and quantification.

2.2. Prepare a master mix of magnetic streptavidin beads by pipetting 100 L of beads per sample into a single microcentrifuge tube. Place the tube on a magnet suitable for microcentrifuge tubes. [1-MED]

2.2.1. Pipetting appropriate volume of beads (for 3 samples) into a microcentrifuge tube and then placing the tube in the magnet stand.

2.3. After the beads have settled toward the magnet side of the tube, remove the storage buffer, remove the tube from the magnet, and resuspend the beads in 500 L of bind-and-wash or BW buffer. [1-MED]

2.3.1. Talent removing the buffer from the tube, removing the tube from the magnet, pipetting BW buffer into the tube, and resuspending the beads.

2.4. Place the tube back on the magnet, wait for the beads to migrate to the magnet and remove the supernata supernatant. nt, and add 500 L of casein solution. [1-CU] Remove the tube from the magnet, add 500 L of casein solution, resuspend the beads and incubate at room temperature for 10 minutes. [2-MED]

2.4.1. Talent places tube on the magnet, waits for the beads to migrate to the magnet and removes the supernatant *film as written.
2.4.2. Talent removes the tube from the magnet, resuspends the beads in 500 L of casein solution the beads and then and sets the tube at RT.

2.5. After 10 minutes, wash the beads with BW buffer. [1-MED] 

2.5.1. Talent placing the tube on the magnet, taking off the supernatant, taking the tube off the magnet, adding the buffer, and resuspending the beads.

2.6. Place the tube back on the magnet, remove the supernatant and resuspend the beads in 500 L of BW buffer. [1-MED] Add 50 pmol of each capturing biotinylated oligonucleotide per sample. [2-CU-TXT] 

2.6.1. *film as written.
2.6.2. Three oligos being pipetted into the tube. TEXT:  Refer to Table 1 in text protocol for oligonucleotides used.

2.7. Incubate at room temperature while rocking in an end-over-end mixer for 30 minutes. [1-MED-TXT]

2.7.1. Talent putting the tube into the mixer and switches on the mixer. TEXT: room temperature; 30 min

2.8. Next return the tube to the magnet, remove the supernatant, remove the tube from the magnet, add 500 L of 1x TEN buffer, and resuspend the beads. [1-MED-TXT] 

2.8.1. *film as written. TEXT: Wash beads 2X with 500 L of TEN buffer 

2.9. After the second wash, resuspend the beads with the immobilized oligonucleotides in 10 L of 1x TEN buffer per sample. [1-CU]

2.9.1. TEN buffer is added to the tube and the beads are resuspended.

2.10. For each sample, label one microcentrifuge tube and add 10 L of bead suspension, 170 L of DNA and 90 L of 3x TEN buffer. [1-CU] Incubate in a dry heat block at 92 °C for 2 minutes to denature the DNA. [2-CU]

2.10.1. *film as written for one sample.
2.10.2. All microcentrifuge tubes (3) being placed into the heat block. Please get multiple usable takes; shot will be repeated later.

2.11. Move the tubes to a different dry heat block, which is set to 52 °C, and incubate for 1 hour. [1-MED] Every 10 minutes during this incubation, invert the tubes to mix. [2-CU]

2.11.1. *film as written.
2.11.2. A tube is removed from the heat block, inverted, and returned to the heat block.

2.12. When the one-hour incubation is done, wash the beads once with 500 L of 1x TEN buffer [1-MED] and resuspend in 35 L of nuclease-free water. Ensure the beads settle well by leaving the tubes on the magnet for about 3 minutes before removing any liquid. [2-CU]

Added shot: 2.12.0 (CU): Talent waits for the beads to migrate. 
2.12.1. Talent transfers all tubes from the heat block to the magnet Talent, removes the supernatant from each tube, adds TEN buffer and resuspends the beads.
2.12.2. Buffer from one tube is removed, 35 L of nuclease-free water is added and beads are resuspended.

2.13. To elute, incubate the tubes at 92 °C in a dry heat block for 2 minutes. [1] Then, quickly move the tubes onto the magnet, one tube at a time. [2-MED] Once the beads are bound to the side of the tube, transfer the supernatant containing the HIV-1 DNA to a fresh tube. [3-MED]

2.13.1. Use shot from 2.10.2.
2.13.2. *film as written.
2.13.3. Talent transferring the supernatant from one tube to a new tube.

3. Adaptor Ligation

3.1. To begin this procedure, resuspend the lyophilized adaptor at 100 M in nuclease-free water and vortex the tube. [1-MED] Per sample plus one control sample, combine 0.45 L of 10x T4 DNA ligase buffer, 4 L of adaptor, and 0.05 L of nuclease-free water. [2-CU]

3.1.1. Talent adding nuclease-free water to a tube containing lyophilized adaptor and then vortexing the tube.
3.1.2. Appropriate volumes of 10x T4 DNA ligase buffer, adaptor and nuclease-free water being pipetted into the tube. 

3.2. Heat to 92 °C for 2 minutes and then let it cool down slowly to 16 °C in a PCR machine. This will allow the adaptor to form a hairpin structure. [1-MED-TXT] 

3.2.1. Talent putting the tube into the PCR machine and starting the program. TEXT: 92 °C; 2 min; slow cool to 16 °C 

3.3. Darja Pollpeter: “A key step in this procedure is the efficient and unbiased ligation of adaptor molecules to open 3’-DNA termini.” [1-INTERVIEW]

3.3.1. Talent speaking to camera.

3.4. Purified nascent cDNA molecules of varying length [1-LM] are ligated to a hairpin single-stranded DNA adaptor [2-LM] using T4 DNA ligase. [3-LM] The adaptor carries a random 6-nucleotide barcode sequence, which allows for base-pairing to facilitate ligation and simultaneously serves as an identifier for unique reads. [4-LM] The 3’-termini of the adaptor carries a spacer to prevent self-ligation. [5-LM]

3.4.1. 58715_adaptor ligation for video.pptx.  Show only cDNA cartoon
3.4.2. 58715_adaptor ligation for video.pptx.  Add the adaptor cartoon. 
3.4.3. 58715_adaptor ligation for video.pptx.  Add the arrow and the rest of the cartoon. 
3.4.4. 58715_adaptor ligation for video.pptx. Emphasize the ‘NNNNNN barcode’ in the bottom cartoon.
3.4.5. 58715_adaptor ligation for video.pptx. Emphasize the ‘SpC3’ in the bottom cartoon.

3.5. To set up 60-L final volume ligation reactions, add the following to each PCR tube: 6 L of 10x T4 DNA ligase buffer, 24 L of 40% PEG, 6 L of 5 M betaine, 4.5 L of adaptor, 1.2 L of T4 DNA ligase, and 18.3 L of DNA. [1-CU-TXT]

3.5.1. The reagents being added to one PCR tube in the order narrated.  TEXT: 6 L  10x T4 DNA ligase buffer; 24 L 40% PEG; 6 L 5 M betaine; 4.5 L adaptor, 1.2 L T4 DNA ligase; 18.3 L DNA.

3.6. After mixing the reactions well, incubate in a PCR machine at 16 °C overnight. [1-MED-TXT]

3.6.1. Talent putting the PCR tubes into the PCR machine. TEXT: 16 °C; overnight

4. Adaptor Removal and Size Separation

4.1. On the day after the adaptor ligation, [1-MED] add 30 L of formamide-containing DNA gel loading buffer to each ligation reaction and mix well by pipetting. [2-CU]

4.1.1. Talent taking PCR tubes out of PCR machine. (from step 3.6)
4.1.2. Talent adding loading buffer to a PCR tube and pipetting to mix.

4.2. Heat in a PCR machine at 94 °C for 2 minutes, then immediately put on ice. [1-MED]

4.2.1. Talent putting the tubes into the PCR machine and starting the run.
4.2.2. Added shot (wide): Talent removes tubes from PCR machine and places them on ice. d then transferring the tubes to ice.

4.3. The next step is to prepare for denaturing gel electrophoresis: place a precast 6% TBE denaturing urea polyacrylamide gel in an appropriate gel tank and add 1x TBE running buffer. [1-MED] Pre-run the gel for 20 minutes. [2-MED-TXT] 

4.3.1. Talent putting a precast gel in a gel tank and adding running buffer to the tank.
4.3.2. Talent connecting the gel tank to the power supply, selecting the correct settings and turning it on. TEXT: 250 V/max; 20 min

4.4. Next use a syringe and 21-gauge needle to wash out the gel pockets with running buffer. [1-CU] Then load 30 L per well of the same sample into three wells; it is advisable to only run one sample per gel to avoid cross-contamination. [2-CU] Run for 20 minutes. [3-MED-TXT] 

4.4.1. Gel pockets being washed out with running buffer.
4.4.2. Each of three wells being loaded with 30 L of the same sample.
4.4.3. Talent connecting the gel tank to the power supply, selecting the correct settings and turning it on. TEXT: 250 V/max; 20 min

4.5. While the gel is running, prepare three 0.5-mL microcentrifuge tubes per sample by using a 21-gauge syringe needle to poke holes into the bottom. [1-CU] Insert each of the prepared tubes into a 2.0-mL microcentrifuge tube and label them with the sample name plus “low”, “mid” or “high”. [2-CU]

4.5.1. A 21-gauge syringe needle is used to poke a hole at the bottom of one each of 9 3 0.5 ml microcentrifuge tubes and places it into a 2.0-ml microcentrifuge tube.
4.5.2. *film as written. (Author comment: this shot was not filmed)

Author comment to video editor: We have filmed all steps as if we had 3 original samples, though often the actions would be shown on only one. At this step (4.5) each of these 3 samples is divided into three subsamples, i.e there are now 9 total samples, 3 per original, though ones again most actions are only demonstrated on one of the 9 samples.

4.6. When the dark-blue dye front is about halfway through the gel, stop the electrophoresis and remove the gel cassette. [1-MED] Pry open the cassette and cut the gel vertically with a razor blade to generously excise the strip with the 3 wells of loaded samples. [2-MED] Add the gel strip to a container with 1x TBE and 5 L of cyanine nucleic acid stain and incubate for 3-5 minutes. Ensure staining is sufficient in order to easily identify the top of the free adaptor, which is to be removed later. [3-CU]

4.6.1. *film as written.
4.6.2. *film as written.
4.6.3. Gel strip being added to the container and then set aside at RT.

4.7. Next, clean the surface of a blue light trans-illuminator thoroughly with distilled deionized water. [1-MED] Then take the gel piece out of the staining container and place it on the light box. Turn on the light box and inspect the stained nucleic acids through the orange filter. [2-MED]

4.7.1. *film as written.
4.7.2. *film as written.

4.8. A representative ligated DNA sample on a stained gel is shown here. The adaptor typically appears overloaded and runs as a big “blob” with ligated HIV-1 DNA running above as a streak. The red lines indicate the sites the gel is to be cut to remove free adaptor and divide the sample into three even pieces. [1-LM]

4.8.1. 58715_Gel figure for video.pdf

4.9. Using a new razor blade, cut away the sides of the gel if there are areas with no sample loaded still present. Next, cut just above the adaptor to remove the adaptor and lower gel parts. Finally, cut away the very top of the gel including about 1 mm of the gel pockets, which often have a sharp intense signal of higher molecular weight DNA. [1-CU]

4.9.1. Gel being cut in the ways described in the narration.

4.10. Divide the remaining gel piece containing the sample horizontally into three even pieces: “low”, “mid” and “high” molecular weight areas. [1-CU] 

4.10.1. *film as written.

4.11. Then, cut each of the three gel fragments into 2 x 2 mm-pieces and transfer them into the prepared 0.5-mL microcentrifuge tubes. [1-CU] 

4.11.1. *film as written.

4.12. [bookmark: _GoBack]Spin at top speed with open lids for 1 minute to squeeze the gel pieces through the hole into the 2-mL tube [1-MED] to create a gel slush. [2-ECU] If any gel particles remain in the bottom of the 0.5-mL tube, transfer them to the 2-mL tube manually using a needle. [3-CU]

4.12.1. Talent putting the 3 tubes into the microcentrifuge and starting the spin.
4.12.2. As extra close-up shot of a tube to show the slightly blue gel slush.  
4.12.3. *film as written for one tube.

5. DNA extraction

5.1. Begin the DNA extraction procedure by adding 1 mL of urea gel extraction buffer to the gel slush in each microcentrifuge tube. [1-MED] Rotate the tubes with an end-over-end mixer at room temperature for a minimum of 3 hours. [2-MED-TXT] 

5.1.1. *film as written.
5.1.2. Talent putting the tubes into the mixer. TEXT:  room temperature; ≥ 3 h

5.2. Prepare the filter columns: use a clean set of tweezers to add one small round glass fiber filter to each centrifuge columns with cellulose acetate membrane filters, which avoids membrane clogging. Put the filter in place with an inverted pipette tip. [1-CU]

5.2.1. Tweezers being used to add a glass fiber filter to a centrifuge column and then filter is put in place with an inverted pipette tip.

5.3. Briefly spin the 2-mL tubes with gel slush and extraction buffer in a microcentrifuge [1-MED] and transfer 700 L of the supernatant to the prepared filter columns. [2-CU]

5.3.1. Talent putting the tubes into the microcentrifuge and starting the spin.
5.3.2. 700 L of the supernatant from one tube being transferred to a filter column.

5.4. Centrifuge the filter columns in a microcentrifuge at top speed for 1 minute. [1-MED] Then transfer the flow-through to a new 2.0-mL microcentrifuge tube. [2-CU]

5.4.1. Talent putting the filter columns into the microcentrifuge and starting the spin.  Please get multiple usable takes; shot will be repeated later.
5.4.2. *film as written for one sample.

5.5. Reload the columns with the remaining supernatant. Try to obtain as much liquid as possible from the extraction slush and do not be concerned if gel pieces are included. [1-CU] Spin again.  [2]

5.5.1. Remaining supernatant from one sample being transferred to a filter column.
5.5.2. Use shot from 5.4.1.

5.6. Combine the flow-through of the same extraction samples and proceed as described in the text protocol. [1-MED-TXT] 

5.6.1. Talent pipetting flow-through from one sample into a 2.0-mL microcentrifuge tube that already contains flow-through from the first spin, caps the tube, and puts it in a rack. TEXT: Refer to text protocol for library preparation and analysis.


6. Results: characterization of nascent retroviral cDNAs within HIV-1 infected cells

6.1. This protocol was employed in samples from CEM-SS T-cells infected with vif-deficient HIV-1 [1-LM] in the absence [2-LM] or presence of the anti-retroviral human protein A3G. [3-LM] A plot of the total number of unique reads obtained from each sample indicates that increasing levels of A3G reduce the total read number, reflecting the inhibitory effect of A3G on reverse transcriptase mediated cDNA synthesis. [4-LM]

6.1.1. Panel a of 58715fig3large.jpg.
6.1.2. Panel a of 58715fig3large.jpg. Emphasize ‘no A3G’
6.1.3. Panel a of 58715fig3large.jpg. Emphasize ‘low A3G’ and ‘high A3G’
6.1.4. Panel a of 58715fig3large.jpg. Emphasize the decrease in the bar heights from ‘no A3G’ to ‘low A3G’ to ‘high A3G.’

6.2. In these next three plots, the fraction of molecules at each possible length within the first 182 nucleotides is shown in blue histograms. [1-LM] The addition of A3G caused a sharp increase of shorter, truncated cDNA molecules at a few very specific, reproducible positions. [2-LM] The dashed red lines show the percentages of reads carrying C-to-T mutations at the respective position. [3-LM] 

6.2.1. Panel b of 58715fig3large.jpg.
6.2.2. Panel b of 58715fig3large.jpg. Emphasize middle and lower graphs.
6.2.3. Panel b of 58715fig3large.jpg. Emphasize the red peaks in the middle and lower graphs.

6.3. A positive control can be produced by processing a pool of synthetic oligonucleotides of known sequence, length, and concentration. All molecules should appear in close to equal abundance with only small variations. [1-LM]

6.3.1. Top graph only of 58715fig4large.jpg.

6.4. If a library run produces a minor length bias in sequencing, [1-LM] it is advisable to apply a normalization factor, which is derived from the slope that represents the size bias. [2-LM] 

6.4.1. Show bottom graph only of 58715fig4large.jpg, without the pink line.
6.4.2. Bottom graph only of 58715fig4large.jpg, add the pink line.


7. Conclusion (said by authors on camera)
7.1. Michael Malim: This procedure can be adapted to other systems where the determination of open 3’ DNA termini would answer interesting questions in nucleic acid metabolism.
7.2. Darja Pollpeter: Don't forget that working with HIV can be extremely hazardous and cell infections should only be carried out in designated safety laboratories. 
  

Provided Media

3.4. 58715_adaptor ligation for video.pptx.
4.8. 58715_Gel figure for video.pdf
6.1-6.2. 58715fig3large.jpg
6.3-6.4. 58715fig4large.jpg


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 in the email accompanying the finalized script.
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