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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N____  
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.) 
Protocol steps 2.2, 2.3, 3.3, 3.4
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.) ___________________________
Protocol steps 2.8, 2.9
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y__ If yes, how far apart are the locations? ____Same building, one floor difference_______________

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!)  

(Editor: I have no idea who delivered which statement. Neither the authors nor the videographer made note)

1.1. Author Name: This method can help answer key questions in the hepatotropic infections and liver disease fields, such as the contribution of liver resident cell populations to viral pathogenesis, longitudinal infection kinetics, mechanisms of viral replication, immune evasion in a physiological model system and drug-testing studies [1-INT].
1.1.1. Named author says the statement above in an interview-style shot while looking slight off-camera. (Videographer Comment: Slate marked shot 1.1)
1.2. Author Name: The main advantage of this technique is the ability to recapitulate a hepatic microenvironment, which can be maintained for extended periods of time and is naturally susceptible to HBV infection at physiologically relevant levels. This has previously been a fundamental constraint in the HBV field [1-INT].
1.2.1. Named author says the statement above in an interview-style shot while looking slight off-camera.

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

1.3. Author Name: The implications of this technique extend toward therapy (or diagnosis) of HBV infection, because drug-testing studies can be performed in a physiological platform for extended durations. This allows the evaluation of sequential drug treatments alongside with analyzing the efficacy of existing and novel treatment strategies [1-INT].
1.3.1. Named author says the statement above in an interview-style shot while looking slight off-camera.
1.4. Author Name: Though this method can provide insight into HBV, it can also be applied to other studies of disease, including other hepatotropic infections, liver disease or drug metabolism studies [1-INT].
1.4.1. Named author says the statement above in an interview-style shot while looking slight off-camera.
1.5. Author Name: Generally, individuals new to this method will struggle because it requires high level of attention on particular details that will allow the successful maintenance of liver tissue for long period of times but also getting familiar with the specialized tools and equipment [1-INT].
1.5.1. Named author says the statement above in an interview-style shot while looking slight off-camera.
1.6. Author Name: Visual demonstration of this method is critical, including assembly of plates as well as thawing and seeding of cells, since steps involved in the long-term culture of liver-derived cells are challenging when using a novel culture system [1-INT].
1.6.1. Named author says the statement above in an interview-style shot while looking slight off-camera.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
(Videographer Comment: Removed as all authors gave statements)
1.7. **.
1.7.1. Interview style: Author saying the above 
1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Protocol: (read by voice talent at JoVE)

2. Assembly and Equilibration of Plates
2.1. First, turn on both the compressor and the vacuum pump associated with the LiverChip platform [1-MED/WIDE]. Proceed to a class II cabinet to assemble and equilibrate the plates [2-MED/WIDE].
2.1.1. Talent approaches the compressor and vacuum pump, and turns them both on.
2.1.2. Talent approaches a class II cabinet, and adjusts the plate components inside.
2.2. Place a sterile membrane on the plate base to begin aseptically assembling the microfluidic plates [1-MED] – making sure that the sterile membrane rests smoothly on the two pins of the base plate [2-CU]. Then, add the well-containing top plate [3-MED].
2.2.1. Talent places a sterile membrane on the plate base.
2.2.2. Close up shot showing that the sterile membrane rests smoothly on the two pins of the base plate.
2.2.3. Talent places the well-containing top plate on top of the sterile membrane.
2.3. Add a sterile plate lid [1-MED] and use an automated precision torque, set to 33 lb using a spiral tightening sequence, to tighten the screws at the base of the plate [1-MED-TXT]. Using a manual torque, make sure that all screws are tightened to 35 lb [3-MED/CU].
2.3.1. Talent places a sterile plate lid on top of the well-containing top plate.
2.3.2. Talent uses an automated precision torque to tighten the screens. Alternatively, film a CU of the screws being tightened. TEXT: Ensure screws are tightened symmetrically
2.3.3. Talent uses a manual torque to make sure that a screw is set to 35 lbs. Alternatively, film a CU of the torque showing that the screw is set to 35 lbs.
2.4. Next, prewarm the hepatocyte seeding medium to 37 °C before priming [1-MED-TXT]. Place the completely assembled plate in the washing dock [2-MED], and make sure the plate snaps in completely [3-CU]. 
2.4.1. Talent places a vessel of hepatocyte seeding medium in a water bath at 37 °C. TEXT: See text for medium composition.
2.4.2. Talent places the complete assembled plate in the washing dock.
2.4.3. Close up of the plate snapping into place in the washing dock.
2.5. Add 400 μL of hepatocyte seeding medium to the reservoir side of each well to prime the plate [1-MED]. After this, initiate flow in the upward direction for 3.5 min at 1 μL/s [2-MED]. The red indicators at the side of the plate will indicate if the microfluidic circulation is functioning properly [3-CU].
2.5.1. Talent adds hepatocyte seeding medium to the reservoir side of each well.
2.5.2. Talent initiates the flow in the upward direction as described.
2.5.3. Close up of the red indicators, showing that circulation is functioning. 
2.6. Once the medium is pumped to the cell growth side of the plate [1-CU], add an additional 1.2 mL of hepatocyte seeding medium [2-MED].
2.6.1. Close up showing that the medium is pumped to the cell growth side of the plate.
2.6.2. Talent adds hepatocyte seeding medium to the plate.
2.7. Carefully transfer the plate into the docking station within a humidified incubator at 37 °C and 5% CO2 [1-MED]. Initiate flow in the upward direction at a flow rate of 1 μL/s for 16 h [2-MED].
2.7.1. Talent transfers the plate into the docking station within a humidified incubator.
2.7.2. Talent initiates flow in the upward direction as described.
2.8. After this, transfer the plate to the washing dock [1-MED]. Gently pipette up and down to eliminate any bubbles [2-MED].
2.8.1. Talent transfers the plate to the washing dock.
2.8.2. Talent gently pipettes up and down to remove bubbles.
2.9. Using sterile forceps, add a sterile, round filter paper to each well [1-MED]. Then, add a cell attachment scaffold and a retaining ring to each well [2-CU].
2.9.1. Talent uses forceps to add a round filter paper to a well in the plate.
2.9.2. Close up of the talent using the forceps to add a cell attachment scaffold and a retaining ring to one of the wells. Alternatively, film these two additions in separate shots. (Videographer Comment: Take 1 corrupted file. Available in 4K-XAVCS if needed)
2.10. Use a sterile plunger to push down each well and lock the retaining rings and scaffolds into place [1-MED/CU]. Next, aspirate all of the medium [2-MED] and gently add 400 μL of prewarmed hepatocyte seeding medium over the scaffold [3-MED].
2.10.1. Talent uses a sterile plunger to push down one of the wells, locking the retaining ring and scaffold into place. Film this as close up as possible while still clearly capturing the actin.
2.10.2. Talent aspirates the medium.
2.10.3. Talent adds prewarmed hepatocyte seeding medium over the scaffold.
2.11. Initiate flow in the downward direction at 1 μL/s for 3.5 minutes [1-MED]. Aspirate all medium pumped out of the reservoir side of the plate [2-CU].
2.11.1. Talent initiates flow in the downward direction as described.
2.11.2. Close up showing the medium is being aspirated out of the reservoir side of the plate.
2.12. Add 1.4 mL of hepatocyte seeding medium to each well [1-MED]. Then, return the plate to the dock to bring the total volume per well up to 1.6 mL [2-MED].
2.12.1. Talent adds hepatocyte seeding medium to each well.
2.12.2. Talent places the plate in the docking station.
3. Thawing and Seeding of Hepatocytes for Monocultures 
3.1. First, prewarm the hepatocyte thawing medium and hepatocyte seeding medium to 37 °C [1-MED]. Next, thaw one vial of primary human hepatocytes according to the suppliers’ instructions [2-MED].
3.1.1. Talent places a vessel of hepatocyte thawing medium and a vessel of hepatocyte seeding medium in a water bath at 37 °C.
3.1.2. Talent thaws a vial of primary human hepatocytes. Any action taken during the thawing process can be filmed for this shot.
3.2. In a class II cabinet, re-suspend the cells in 1 mL of hepatocyte seeding medium [1-MED]. Then, place the re-suspended cells on ice [3.2.1B]. Using trypan blue, count the cells to ensure that the viability of the cells is above 90% [2-MED]. 
3.2.1. Talent, in a class II cabinet, re-suspends the cells in hepatocyte seeding medium.
3.2.1B [Added Shot]: Talent places the re-suspended cells on ice. (Videographer Comment: Renumbered this shot) (Editor: I’ve also swapped the VO, which the authors did not do)
3.2.2. Talent counts the cells with trypan blue. Any action taken during this process can be filmed for this step.
3.2.3. Talent places the re-suspended cells on ice.
3.3. Transfer the fully assembled plate to the washing dock, and aspirate all medium from the wells [1-MED]. Add seeding media to each well [3.3.1B]. Retrieve the cells from the ice [2-MED], and add 600,000 hepatocytes to each well in a 500 μL volume of hepatocyte seeding medium [3-MED].
3.3.1. A Talent transfers the plate to the washing dock, and begins aspirating medium from the wells.
3.3.1B [Added Shot]: Talent adds 400 uL of seeding media to each well.
3.3.2. Talent picks up the vessel of re-suspended cells (which is in the ice bucket). [Shots 3.3.2 and 3.3.3 combined]
3.3.3. Talent seeds cells into each well as described.
3.4. Initiate flow in the downward direction at a flow rate of 1 μL/s [1-MED]. Add 900 μL of hepatocyte seeding medium to each well to bring the total volume in each to 1.6 mL [2-MED].
3.4.1. Talent initiates flow in the downward direction as described.
3.4.2. Talent adds hepatocyte seeding medium to each well.
3.5. Transfer the plate to the docking station within a humidified incubator at 37 °C and with 5% CO2 [1-MED]. Initiate flow in the downward direction at a flow rate of 1 μL/s for 8 h [2-MED].
3.5.1. Talent transfers the plate to the docking station in the humidified incubator. Use shot 2.7.1
3.5.2. Talent initiates flow in the downward direction as described.
3.6. After this, reverse the flow to the upward direction at a flow rate of 1 μL/s for 8 h [1-MED]. Then, transfer the plate to the washing dock and aspirate all medium from the wells [2-MED].
3.6.1. Talent reverses the flow to the upward direction, as described.
3.6.2. Talent transfers the plate to the washing dock and begins aspirating the medium from the wells. Use shot 3.3.1
3.7. Add 400 μL of hepatocyte maintenance medium to each well [1-MED-TXT], and initiate flow in the downward direction at a flow rate of 1 μL/s for 3.5 minutes [2-MED].
3.7.1. Talent adds hepatocyte maintenance medium. TEXT: See text for medium composition.
3.7.2. Talent initiates flow in the downward direction as described. Use shot 2.11.1
3.8. Next, aspirate all medium from the reservoir and add 1.4 mL of hepatocyte maintenance medium [1-MED]. Transfer the plate into the docking station within a humidified incubator at 37 °C and 5% CO2 [2-MED]. Initiate flow in the upward direction at a flow rate of 1 μL/s for 48 hours [3-MED].
3.8.1. Talent finishes aspirating the medium from the reservoir and adds hepatocyte maintenance medium to a well. The medium can be aspirated before the shot begins, and the talent can put down the pipette (or otherwise act as though aspiration as just been completed)
3.8.2. Talent transfers the plate to the docking station in the humidified incubator. Use shot 2.12.2
3.8.3. Talent initiates flow in the upward direction as described. Use shot 2.7.2
3.9. After 48 hours, wash the plate by transferring it to the washing dock [1-MED] and aspirating all medium from the wells [2-MED]. Add 400 μL of maintenance medium [3-MED] and initiate flow in the downward direction at 1 μ/s for 3.5 min [4-MED].
3.9.1. Talent transfers the plate to the washing dock. Use shot 3.6.2
3.9.2. Talent aspirates the medium from the wells. Use shot 3.3.1
3.9.3. Talent adds maintenance medium to the wells. Use shot 3.7.1
3.9.4. Talent initiates flow in the downward direction as described. Use shot 2.11.1
3.10. Then, aspirate all medium appearing on the reservoir side of the wells [1-CU]. Add 1.4 mL of hepatocyte maintenance medium [2-MED] and transfer the plate back to the docking station in the humidified incubator [3-MED]. Initiate flow in the upward direction at a flow rate of 1 μL /s for 48 h [4-MED].
3.10.1. Close up of the medium on the reservoir side of the wells being aspirated. Use shot 2.11.2
3.10.2. Talent adds hepatocyte maintenance medium to the wells. Use shot 2.12.1
3.10.3. Talent transfers the plate to the docking station in the humidified incubator. Use shot 2.7.1
3.10.4. Talent initiates flow in the upward direction as described. Use shot 2.7.2
3.11. Replace the medium using this wash-and-replace process every 48 hours.
3.11.1. Talent removes the plate from the docking station, and transfers it to the washing dock. (Videographer Comment: Split shot in two. New shot 3.11.2 can reuse 2.8.1 for “transfers it to the washing dock)
3.11.2. Use shot 2.8.1 (Editor: Since the process isn’t specifically mentioned in this VO, there is no exact timing needed. 2.8.1 can be used immediately after 3.11.1)

4. Results: Long-term Cultures of Primary Hepatocytes and Kupffer Cells for Hepatitis B Virus Infection
4.1. Primary human hepatocytes are usually only stable for a limited amount of time when using conventional culture systems [1-LM]. However, using the protocol described here, they can be functionally maintained for extended periods of time [2-LM].
4.1.1. LAB MEDIA: Figure 2 v3.pdf – Show only Figure 2A.
4.1.2. LAB MEDIA: Figure 2 v3.pdf – Still showing only Figure 2A. Visually emphasize the pictures under the “Day 40” header, to stress that the cells are cultured over a long period of time.
4.2. Human albumin is secreted by functional hepatocytes, and is considered to be the best marker for evaluating hepatic functionality [1-LM]. Albumin is seen to be stably and highly expressed by 3D cultures until at least day 40 post-seeding [2-LM].
4.2.1. LAB MEDIA: Figure 2 v3.pdf – Show Figures 2B and 2C side-by-side.
4.2.2. LAB MEDIA: Figure 2 v3.pdf – Still showing only Figures 2B and 2C. Visually emphasize the green color in Figure 2B and the green data set in Figure 2C. These represent the human albumin being expressed.
4.3. For co-cultures, Kupffer cell functionality and viability are evaluated by measuring the secretion of specific cytokines [1-LM]. As seen here, the measured levels of IL6 and TNFα indicate that cells were functionally maintained and viable [2-LM].
4.3.1. LAB MEDIA: Figure 3.pdf
4.3.2. LAB MEDIA: Figure 3.pdf – Visually emphasize the “LPS” data column in both plots.
4.4. In addition to retaining their physiological cellular metabolism, these cultures become exceptionally susceptible to HBV infection [1-LM]. HBV DNA and other viral markers are readily detectable from day 2 post-infection [2-LM]. 
4.4.1. LAB MEDIA: Figure 4 v2.pdf – Show Figures 4B and 4C side-by-side.
4.4.2. LAB MEDIA: Figure 4 v2.pdf – Still showing only Figures 4B and 4C. Visually emphasize the data after 2 days post-infection in Figure 4B. Visually emphasize the two light-grey “Day 2” data sets in Figure 4C.
4.5. While conventional cultures require inoculation with at least 500 HBV genome equivalents supplemented with DMSO and PEG, these 3D cultures are infected with at little as 0.05 unsupplemented genome equivalents [1-LM].
4.5.1. LAB MEDIA: Figure 4 v2.pdf – Still showing only Figures 4B and 4C. Visually emphasize the data set for 0.05 GE during “as 0.05 unsupplimented genome equivalents”.
4.6. In addition to secreted markers of viral infection, hepatocyte-containing scaffolds are retrieved from the cultures [1-LM]. Immunofluorescence microscopy reveals that these scaffolds contain viral antigens [2-LM].
4.6.1. LAB MEDIA: Figure 4 v2.pdf – Show Figure 4A.
4.6.2. LAB MEDIA: Figure 4 v2.pdf – Still showing only Figure 4A. Visually emphasize the bottom images, titled “HBV-infected, Day 10”.

5. Conclusion (said by authors on camera)
5.1. [bookmark: _GoBack]Author Name: While attempting this procedure, it is important to remember to be gentle when handling the primary human hepatocytes prior to seeding to avoid cell death. Additionally, it is essential to ensure that plates are correctly assembled and all the flow channels are allowing correct media circulation prior to seeding the hepatocytes [1-INT].
5.1.1. Named author says the statement above in an interview-style shot while looking slight off-camera.
5.2. Author Name: Following this procedure, other methods like immunofluorescence can be performed in order to answer additional questions, including the location and frequency of infected cells within the tissue. This also facilitates further assessment of the physiological state of the hepatocytes by staining for albumin or hepatic structures including tight junction protein ZO-1 [1-INT].
5.2.1. Named author says the statement above in an interview-style shot while looking slight off-camera.
5.3. Author Name: After its development, this technique paved the way for researchers in the field of virology to explore HBV infection and immune responses in a physiological 3D model system [1-INT].
5.3.1. Named author says the statement above in an interview-style shot while looking slight off-camera.
5.4. Author Name: Don't forget that working with HBV can be extremely hazardous and precautions such as previous vaccination, the use of appropriate PPE and working under appropriate biosafety guidelines should always be taken while performing this procedure [1-INT]. 
5.4.1. Named author says the statement above in an interview-style shot while looking slight 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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