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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)_________  

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: _____________________________________________

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.) 
Steps 4.3, 4.4, 4.5, 4.8, 5.2, and 5.3 are particularly useful 
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.) Step 4.8 is most important to get correct due to sensitivity to PCR cross-contamination. 
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. Thomas Tu: This method can help answer key questions in the field of Hepatitis B virology, such as finding cellular and viral factors that might be involved in HBV DNA integration [1-MED]. 
1.1.1. Interview style Author note: We filmed both Stephan Urban and Thomas Tu reading this line
1.2. Thomas Tu: There are multiple advantages to this technique: it is relatively cheap and easy to carry out; analysis of the results is simple; and it has very high sensitivity, down to single copies [1-MED].   

1.2.1. Interview style

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Authors, per JoVE’s video guideline, the statement in this Section should be spoken by another author other than the author in Section A
1.3. Thomas Tu: Though this method can provide insight into HBV DNA integration, it could also be applied to other viruses that integrate into the host genome, such as HIV, HTLV-1, and HPV.
Protocol: (read by voice talent at JoVE)
2. Cell Infection and DNA Extraction
2.1. To infect the cells, seed two hundred thousand Huh7-NTCP cells per mL in a 12-well plate with 1 mL of DMEM [1-MED-over the shoulder]. On the next day, use heparin-column purified supernatant from HepAD38 as an inoculum to infect the cells at 1000 VGE/cell in 500 µL of culture medium [2-CU-TXT]. Then, culture the cells at 37 °C [3-MED-TXT].
2.1.1. Talent seeding cells in a 12-well plate with 1 mL of DMEM
2.1.2. CU the plate as heparin-column purified supernatant is added. Text: VGE: virus genome equivalents 
2.1.3. Talent places the cells in the incubator. Text: 37 °C, 5% CO2, 90% humidity
2.2. At day 5 post-infection, trypsinize the cells with 200 µL of Trypsin-EDTA and resuspend them in 2 mL of DMEM containing 5 µM Tenofovir disoproxil and 10 µM Lamivudine [1-MED-over the shoulder]. Subsequently, transfer the cell suspensions to a 6-well plate to induce one round of mitosis [2-CU].
2.2.0 Talent adds trypsin to the cells… 
2.2.1 and resuspends them in DMEM 
2.2.1. CU the 6-well plate as the cell suspensions are transferred 
2.3. At day 7 post-infection, trypsinize the expanded cells in 400 µL of Trypsin-EDTA and resuspend the mixture in 1 mL of DMEM [1-CU]. Then, transfer the suspension in a 1.5 mL tube [2-MED-over the shoulder].
2.3.1. CU the cells as trypsin is added and the mixture is resuspended
2.3.2. *Film as written

2.4. Pellet the cells by centrifugation at 500 x g for 5 minutes [1-MED-over the shoulder-TXT], and remove the supernatant by aspiration [2-MED]. Extract the DNA from the cell pellet using a DNA extraction kit, as per the manufacturer’s instructions [3-CU].
2.4.1. Talent places the sample in the centrifuge. Text: 500 x g, 5 min
2.4.2. *Film as written 

2.4.3. CU the DNA extraction kit 
Videographer: Please don’t show the brand/manufacturer
3. Inversion of DNA
3.1. For DNA inversion, aliquot 1.5-2.5 μg of the total DNA extract into a 200 μL PCR tube [1-MED-over the shoulder]. Next, add the appropriate amount of restriction enzyme master-mix to result in a 40 μL of reaction volume containing 1x double digest reaction buffer and 10 units NcoI-HF (Voice talent: “Ncol-HF” is pronounced as “N C O one H F”) [2-MED-over the shoulder].
3.1.1. *Film as written
3.1.2. Talent adds restriction enzyme master-mix to result in a 40 μL of reaction volume. 
3.2. Incubate the restriction enzyme reaction in a PCR machine at 37 °C for 1 hour for optimal digestion efficiency [1-CU-TXT]. Then, inactivate the restriction enzyme by incubating it at 80 °C for 20 minutes [2-MED-TXT]. Transfer the entire restriction enzyme reaction to a 1.5 mL tube [3-MED-over the shoulder].
3.2.1. CU the restriction enzyme as it is placed in PCR machine. Text: 37 °C, 1 h  
3.2.2. Talent places the restriction enzyme in the PCR machine. Text: 80 °C, 20 min
3.2.3. *Film as written
3.3. Subsequently, add 400 μL of 1x T4 DNA ligase buffer and 500 Units of T4 DNA ligase, and mix thoroughly [1-MED-over the shoulder]. The large reaction volume encourages intra-molecular ligation of the digested DNA fragments. Incubate the ligation reaction at room temperature for 2 hours to ensure complete ligation [2-CU-TXT]. 
3.3.1. Talent adds 400 μL of 1x T4 DNA ligase buffer and 500 U of T4 DNA ligase to the tube

3.3.2. CU the sample as it is being mixed. Text: RT, 2 h

3.4. After 2 hours, inactivate the T4 DNA ligase at 70 °C for 20 minutes [1-MED-TXT]. Then, add 10 μL of 10% sodium dodecyl sulfate to ensure complete inactivation of the T4 ligase [2-MED-over the shoulder]. 
3.4.1. Talent places the T4 DNA ligase in the heat block. Text: 70 °C, 20 min
3.4.2. Talent adds 10 μL of 10% sodium dodecyl sulfate to the sample. 
3.5. Add sodium chloride to a final concentration of 100 mM and dextran to a final concentration of 90 µg/mL [1-CU]. Mix by pulse vortexing [2-CU] and briefly spin down the reaction mix [3-CU]. 
3.5.1. Show that NaCl and dextran are added
3.5.2. CU the sample as it is being vortexed 
3.5.3. CU the sample as it is placed in spinner
3.6. Next, add 900 μL of 100% ethanol and mix by inversion [1-MED-over the shoulder]. Precipitate the DNA at -20 °C overnight [2-MED] and pellet the precipitated DNA by centrifugation at 14,000 x g for 15 minutes [3-CU]. 
3.6.1. *Film as written

3.6.2. Talent places the DNA in the freezer. Text: -20 °C, overnight 

3.6.3. CU the sample as it is placed in centrifuge. Text: 14,000 x g, 15 min

3.7. Afterward, remove the supernatant by aspiration [1-MED-over the shoulder]. Wash the pellet with 500 μL of 70% ethanol [2-MED-over the shoulder] and centrifugation at 14,000 x g for 15 minutes [3-MED-TXT]. 
3.7.1. *Film as written

3.7.2. Talent adds ethanol to pellet

3.7.3. Talent places the sample in the centrifuge. Text: 14,000 x g, 15 min
3.8. Then, remove the ethanol by aspiration and air-dry the DNA pellet at room temperature for 20 minutes [1-MED-over the shoulder-TXT]. Dissolve the pellet in 20 μL of H2O, and add 20 μL of a restriction enzyme master-mix to result in a 40 μL reaction volume containing 1x double digest reaction buffer, 5 units of BsiHKAI, and 5 unites of SphI-HF (Voice talent “BsiHKAI” and “SphI-HF” are pronounced as “B S I H K A one” and “S P H one H F”, respectively) [2-CU]. 
3.8.1. Talent removes the ethanol. Text: RT, 20 min

3.8.2. CU the pellet as it is dissolved in 20 μL of H2O and 20 μL of a restriction enzyme master-mix is added to result in a 40 μL reaction volume. 

3.9. Next, incubate the restriction enzyme reaction in a heat-block at 37 °C for 1 hour [1-MED-TXT]. Briefly spin down the reaction mix [2-CU]. Incubate the restriction enzyme reaction in a heat-block at 65 °C for 1 hour [3-CU-TXT].
3.9.1. Talent places the restriction enzyme reaction in a heat-block. Text: 37 °C, 1 h

3.9.2. CU the sample as it is being spun

3.9.3. CU the restriction enzyme reaction as it is incubated in a heat-block. Text: 65 °C, 1h

4. Nested PCR
4.1. In this procedure, remove potential amplicons from a reusable silicon mat seal using a DNA degradation solution [1-MED-over the shoulder]. Rinse the mat thoroughly with DNA-free water, and air-dry it at room temperature [2-CU].
4.1.1. Talent removes potential amplicons from a reusable silicon mat seal Author note: Degradation solution is a 2-component spray mixture
4.1.2. CU the mat as it is rinsed with DNA-free water
4.2. Next, prepare 1 mL of a 1x PCR mix containing the outer forward and reverse primers at a concentration of 0.5 µM [1-MED]. Add 170 μL of the 1x PCR mix to wells A1 and E1 in a 96-well PCR plate [2-CU]. Then, add 120 μL of the 1x PCR mix to wells B1 to H1 [3-CU].
4.2.1. Talent preparing 1 mL of a 1x PCR mix
4.2.2. CU the plate as 170 μL of 1x PCR mix is added to wells A1 and E1
4.2.3. CU the plate as 120 μL of 1x PCR mix is added to wells B1 to H1

4.3. Afterward, add 10 μL of the inverted DNA to wells A1 and E1 [1-CU]. Mix the reaction in each well by gently pipetting each about 10 times using a P1000 set to 100 μL [2-CU].
4.3.1. CU the plate as 10 μL of the inverted DNA is added to wells A1 and E1
4.3.2. CU the plate as the reaction is mixed in each well Author note: Reaction is only mixed in wells A1 and E1
4.4. Serially dilute the samples from wells A1 to D1 at a ratio of 1:3 by transferring 60 μL at each step [1-CU]. Mix the wells at each step by gently pipetting them about 10 times using a P1000 set to 100 μL [2-CU]. Avoid forming bubbles. Repeat the procedure for well E1, diluting down to well H1 [3-CU]. 
4.4.1. CU the plate and show that 60 μL  of the samples are transferred from wells A1 to D1
4.4.2. CU the plate and show that the wells are being mixed by gently pipetting
4.4.3. CU the plate to show continuous dilution
4.5. Subsequently, aliquot 10 μL of the reaction mixture using a multi-channel pipette from wells A1-H1 into wells A2-H2, A3-H3, and so on until reaching wells A12-H12 of the 96-well plate [1-CU]. Cover the PCR plate with a dry silicon mat and press firmly [2-CU].
4.5.1. CU the plate and show 10 μL of the reaction mixture being transferred 

4.5.2.  CU the plate as a dry silicon mat is used to cover it
4.6. Then, place the plate in a PCR machine and run the program indicated before transferring the plate to room temperature [1-MED-over the shoulder-TXT]. Afterward, heat the pins of a 96-pin replicator to red-hot with a Bunsen burner and then cool for at least 5 minutes at room temperature [2-MED].
4.6.1. Talent places the plate in PCR machine and programs the setting. Text: 10 min at 95 °C; 35 cycles of 15 s at 95 °C, 15 s at 54 °C, 3 min at 72 °C; 7 min at 72 °C
4.6.2. Talent heating the pins of a 96-pin replicator to red-hot with a Bunsen burner
4.7. Fill the wells of a second PCR plate with 10 μL of 1x PCR mix containing a gel load-ready buffer and the inner forward and reverse at 0.5 µM [1-MED-over the shoulder]. Carefully remove the silicon mat from the PCR plate of the 96-well plate from the first-round PCR, and avoid cross-contamination between wells [2-MED]. 
4.7.1. Talent filling the wells of a second PCR plate with 10 μL of 1x PCR mix
4.7.2. Talent removing the silicon mat from the PCR plate of the 96-well plate

4.8. Use the cooled replicator to transfer the PCR products of the 96-well plate from first-round PCR to the newly-aliquoted 96-well plate [1-MED-over the shoulder]. Carry out the nested PCR using the condition as indicated [2-over the shoulder-TXT].
4.8.1. *Film as written 
4.8.2. Talent places the plate in PCR machine and programs the setting. Text: 2 min at 95 °C; 35 cycles of 15 s at 95 °C, 15 s at 54 °C, 3 min at 72 °C; 7 min at 72 °C
5. PCR Product Isolation and Gel Extraction 

5.1. To isolate the PCR products, analyze them by gel electrophoresis using a 96-well with 1.3% agarose gel. For a 100 mL agarose gel, run at 200 Volt for 10-15 minutes [1-MED-over the shoulder]. 
5.1.1. Talent programs the setting to 200 Volt for 10-15 minutes and runs the gel electrophoresis
5.2. Afterward, excise the DNA bands from the agarose gels using disposable drinking straws [1-MED-over the shoulder]. For each PCR product, place the straw and agarose gel plug into a 1.5 mL tube and trim the straw to size with scissors [2-CU].
5.2.1.  *Film as written
5.2.2. CU the straw and show that it is placed into a 1.5 mL tube, and then trimmed to size. 
5.3. Afterward, eject the agarose plugs into each tube by squeezing on the end of the straw fragment [1-MED-over the shoulder]. Then, add 300 μL of gel extraction buffer and 5 μL of gel extraction glass bead slurry to each tube [2-MED-over the shoulder]. 
5.3.1. *Film as written

5.3.2. *Film as written
5.4. Extract the PCR products per manufacturer’s instructions for the gel extraction kit and elute the DNA from the beads with 30 μL of water [1-CU]. Submit the purified DNA for Sanger sequencing with the Forward primer used in the second-round nested PCR [2-CU].
5.4.1. Show that the DNA is eluted from the beads with 30 μL of water
5.4.2. CU the addition of DNA extract to a tube along with primer solution and putting tube in a zip-lock bag to be sent for sequencing 
6. Results: Agarose Gel Electrophoresis and BLAST Analysis of InvPCR Product Sequences
6.1. An example agarose gel electrophoresis of a successful inverse PCR before and after the PCR product isolation is shown here [1-LM]. “M” represents DNA marker ladder [2-LM]. Each row of 12 represents the technical replicates at a single dilution on the PCR plate. In this instance, single PCR products should be achieved by the second or third 1:3 dilution of each sample [3-LM]. 
6.1.1. 58202_Tu_58202fig2large.jpg: Video Editor: Please show the figure
6.1.2. 58202_Tu_58202fig2large.jpg: Video Editor: Please emphasize letters “M”

6.1.3. 58202_Tu_58202fig2large.jpg: Video Editor: Please emphasize text “Dilution 2” and “Dilution 3”

6.2. At these dilutions, approximately 50% of products will represent true virus-cell DNA junctions, while the other half represents amplification of HBV DNA intermediates [1-LM].
6.2.1. 58202_Tu_58202fig3large.jpg: Video Editor: Please show the upper screen shot, then the lower screen shot
7. Conclusion (said by authors on camera)
7.1. Thomas Tu: This technique has allowed researchers to explore HBV DNA integration in highly-controlled in vitro infection systems. [1-MED].
7.1.1. Interview style
7.2. Thomas Tu:  Additional methods, like bioinformatics analysis, can be performed to answer additional questions: for example, if HBV DNA integrations occur in specific regions of the cellular genome after specific treatments.
7.2.1. Interview style
7.3. Thomas Tu: Don't forget that working with infectious hepatitis B virus can be hazardous and appropriate infection controls, such as biosafety cabinets and prior vaccination, should always be taken while performing this procedure.   
7.3.1. 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.  

No extra media will be provided. 
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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