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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? Y, Olympus SZX10 
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
2.3., 3.5., 3.6., 3.8., 4.1.2., 6.4.1.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.3. Preparation of even layer of coating with first layer of collagen. Important for hepatocytes to keep epithelial characteristics and form canalicular structures. It is important to keep everything on ice and/or pre-chilled and to evenly distribute 100 l of collagen over the entire surface of 3.5 cm dish.
3.5., 3.8., 3.9. Proper cannulation of portal vein. Be sure that the cannula indeed is in the portal vein and the buffers are being perfused through the liver. You can hold the cannula with forceps to ensure that it indeed is going inside the vein and into the liver.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Katerina Korelova: This protocol facilitates the isolation and reproducible long-term culture of mouse hepatocytes in a 3D collagen sandwich environment to study canalicular structure formation and its response to treatments in vitro [1]. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Katerina Korelova: Once the technique has been mastered, it is a quick method for obtaining large volumes of highly viable and pure mouse hepatocyte populations for in vitro studies [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator (Said by you on camera):

1.3. Katerina Korelova: Demonstrating the procedure will be Lenka Sarnova, a technician from our laboratory [1][2].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera


Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4. Procedures involving animal subjects were performed in accordance with European Directive 2010/63/EU and were approved by the Czech Central Commission for Animal Welfare.



Section - Protocol
2. Collagen Sandwich Preparation
2.1. [bookmark: _Hlk18495631]The day before primary hepatocyte isolation, add 100 microliters of 10x DMEM (D-M-E-M), 485 microliters of distilled water [1-TXT], and 15 microliters of 1-molar sodium hydroxide in 500 microliters to rat tail collagen 1 [2].
2.1.1. WIDE: Talent adding medium to collagen, with medium and collagen containers visible in frame Videographer: Shot will be used again TEXT: See text for all medium and solution preparation details NOTE: 2.1.3. was performed at the same time as 2.1.1. VO is rewritten to reflect this. 
2.1.2. Talent adding NaOH to collagen, with NaOH and collagen containers visible in frame
2.1.3. Talent adding water to collagen, with collagen container visible in frame
2.2. Check the pH of the neutralized collagen [1]. It should be about 7.5 [2].
2.2.1. Talent add solution onto litmus paper 
2.2.2. Shot of pH at about 7.5
2.3. Using a pre-chilled, 200-microliter pipette tip, spread 100 microliters of the neutralized collagen solution over each of plastic, 3.5-centimeter-diameter culture dishes on ice [1] and place the dishes under standard culture conditions overnight [2].
2.3.1. Collagen being spread in dish Videographer: Important step
2.3.2. Talent placing dish(es) into incubator Videographer: Important step
2.4. The next morning, rehydrate the collagen layers with 1 milliliter of 37-degree Celsius PBS per dish for at least 3 hours at 37 degrees Celsius [2].
2.4.1. PBS being added to dish, with PBS container visible in frame
3. Liver Harvest
3.1. To isolate the liver, after confirming a lack of response to toe pinch [1-TXT], place the anesthetized mouse on a dissection mat in the supine position [2] and tape the lower and upper extremities to the mat [3].
3.1.1. WIDE: Talent pinching toe Videographer: More Talent than mouse in shot TEXT: Anesthesia: tiletamine 60 mg/kg + zolazepam 60 mg/kg + xylazine 4.5 mg/kg i.m.
3.1.2. Talent placing mouse onto mat Videographer: More Talent than mouse in shot
3.1.3. Limb being taped
3.2. Swab the abdomen with 70% ethanol [1] and make a V-shaped incision from the pubic area to each forelimb [2].
3.2.1. Abdomen being swabbed
3.2.2. Incision being made
3.3. Fold the skin over the chest to uncover the abdominal cavity [1] and place the mat under a dissecting microscope [2].
3.3.1. Skin being folded
3.3.2. Talent placing mouse under microscope Videographer: More Talent than mouse in shot
3.4. Move the small intestine and colon in the caudal direction to expose the IVC (I-V-C) [1-TXT] and load a 2-milliter syringe with 2.5 milliliters of 37-degree Celsius solution C [2-TXT].
3.4.1. SCOPE: Shot of bowel being moved/shot of IVC TEXT: IVC: inferior vena cava
3.4.2. Talent loading syringe TEXT: Caution: Avoid bubbles
3.5. Connect the syringe to the cannula [1] and use a PBS-soaked cotton swab to press the liver up to the diaphragm [2]. 
3.5.1. Syringe being connected to cannula
3.5.2. SCOPE: Liver being pressed up to diaphragm Videographer: Important/difficult step
3.6. Place a silk suture around the IVC just below the liver [1].
3.6.1. SCOPE: Suture being placed Videographer: Important/difficult step
3.7. Then, using an insulin syringe equipped with a 30-gauge needle bent to a 45-degree angle [1], inject 10 microliters of 5000 units/milliliter of heparin into the portal vein [2].
3.7.1. Shot of syringe with bent needle
3.7.2. SCOPE: Heparin being injected
3.8. To cannulate the liver, use microsurgical scissors to make a small incision in the IVC directly next to the liver [1] and insert the cannula into the incision [2]. 
3.8.1. SCOPE: Incision being made Videographer: Important/difficult step
3.8.2. SCOPE: Cannula being inserted Videographer: Important/difficult step
3.9. Secure the cannula in place with sutures and two surgical knots [1] and cut the portal vein to allow the perfusion buffers to flow out from the liver [2].
3.9.1. Suture(s) being placed Videographer: Difficult step
3.9.2. Portal vein being cut Videographer: Difficult step
3.10. Then slowly depress the syringe plunger to perfuse the liver with 2 milliliters of the solution over period of about 15 seconds [1].
3.10.1. Plunger being depressed/solution being delivered
3.11. When all of the solution has been delivered, pre-fill a peristaltic pump with fresh 37-degree Celsius solution C [1] and check the perfusion apparatus to ensure that there are no air bubbles in the system [2].
3.11.1. Talent filling pump
3.11.2. Talent checking apparatus 
3.12. Carefully disconnect the cannula from the syringe [1] and quickly but carefully connect the tubing of the running peristaltic pump to the cannula [2]. 
3.12.1. Syringe being disconnected from cannula
3.12.2. Tubing being connected to cannula
3.13. Immediately start the perfusion at a 2.5 milliliters/minute flow rate [1].
3.13.1. Liver being perfused
3.14. After 2 minutes, switch to solution D [1] and continue the perfusion for an additional 10 minutes [2].
3.14.1. Talent adding solution D to pump
3.14.2. Liver being perfused
3.15. At the end of the perfusion, carefully harvest the liver into a 50-milliliter conical tube containing 20 milliliters of 37-degree Celsius solution E [1-TXT].
3.15.1. Shot of liver, then liver being harvested TEXT: Liver will be fragile and pale
4. Primary Hepatocyte Isolation
4.1. To isolate the primary hepatocytes, holding the liver by the cannula [1], rub the tissue around the wall of the tube to knock the hepatocytes into the buffer [2].
4.1.1. WIDE: Talent grasping cannula
4.1.2. Liver being rubbed against tube wall Videographer: Important step
4.2. When all of the tissue has been mashed, transfer the tissue slurry into a 70-micrometer-pore nylon strainer to filter the isolated cells into a new 50-milliliter tube [1].
4.2.1. Solution being added to filter
4.3. Sediment the liver cells by centrifugation [1-TXT] and resuspend the pellet in 20 milliliters of 40% Percoll in DMEM [2].
4.3.1. Talent placing tube(s) into centrifuge TEXT: 5 min, 50 x g, 4 °C
4.3.2. Shot of pellet, then Percoll being added to tube, with Percoll container visible in frame
4.4. Separate the live and dead cells by centrifugation [1] and resuspend the pellet in 20 milliliters of solution E [2].
4.4.1. Talent placing tube(s) into centrifuge
4.4.2. Shot of pellet, then solution being added to tube, with solution E container visible in frame
4.5. After centrifuging the cells again [1], resuspend the pellet in 10 milliliters of fresh solution E for counting [2].
4.5.1. Talent placing tube(s) into centrifuge
4.5.2. Shot of pellet, then solution being added to tube, with solution E container visible in frame
4.6. After counting, adjust the viable primary hepatocyte count to 3.75 x 105 viable cells/milliliter of hepatocyte culture medium concentration on ice [2].
4.6.1. Talent adding solution to cells, with solution container and counting chamber visible in frame 
5. 3D Collagen Sandwich Primary Hepatocyte Culture
5.1. To culture the isolated primary hepatocytes in 3D collagen sandwiches, use a 1-milliliter pipette to evenly distribute 2 milliliters of cells onto each collagen-coated, 3.5-centimeter-diameter dish [1] and place the cells in the cell culture incubator for 3 hours [2-TXT].
5.1.1. WIDE: Talent adding cells to dish, with medium container visible in frame
5.1.2. Talent placing cells into incubator TEXT: Tilt dish in all directions just before placement into incubator
5.2. During the incubation, prepare 100 microliters of neutralized rat tail collagen one solution per dish as demonstrated [1].
5.2.1. Use 2.1.1. Medium being added to collagen
5.3. At the end of the incubation, carefully replace the medium and unattached cells with 100 microliters of neutralized collagen per dish [1] and return the plates to the cell culture incubator for 1 hour [2].
5.3.1. Shot of plate without medium, then collagen being added to plate
5.3.2. Talent placing plates into incubator
5.4. When the collagen has solidified, carefully add 2 milliliters of fresh hepatocyte culture medium to each dish [1] and return the cultures to the incubator for 3-8 days [2], checking the cultures daily under the microscope [3-TXT].
5.4.1. Medium being added to plate, with medium container visible in frame
5.4.2. Talent placing plates into incubator
5.4.3. LAB MEDIA: Figure 4 top row of images without white boxes TEXT: Change medium after 24 h then every 2 d
6. Immunolabeling 
6.1. For immunolabeling of the primary hepatocytes within the 3D collagen sandwiches, wash each sandwich carefully with 37-degree Celsius PBS [1] and fix the cultures with 1 milliliter of 4% paraformaldehyde in PBS per dish for 30 minutes at room temperature [2].
6.1.1. WIDE: Talent washing dish, with PBS container visible in frame
6.1.2. PFA being added to dish, with PFA container visible in frame
6.2. At the end of the fixation, wash the dishes three times for 10 minutes in 2 milliliters of PBS supplemented with 0.1% Tween 20 per wash [1].
6.2.1. PBS + Tween being added to dish, with PBS + Tween container visible in frame
6.3. After the last wash, permeabilize the cells with 1 milliliter of 0.1-molar glycine and 0.2% Triton X-100 in PBS for 1 hour at room temperature [1] followed by three washes in PBS + Tween-20 as just demonstrated [2].
6.3.1. Talent adding glycine +Triton X-100 in PBS to dish, with glycine +Triton X-100 in PBS container visible in frame
6.3.2. PBS + Tween being added to dish, with PBS + Tween container visible in frame
6.4. Next, use a 10-microliter load tip connected to vacuum to gently disturb the top layer of collagen [1] and block any non-specific binding with 1 milliliter of 5% bovine serum albumin in PBS-tween for 2 hours [2].
6.4.1. Collagen being disrupted Videographer: Important step
6.4.2. Blocking buffer being added to dish, with buffer container visible in frame
6.5. At the end of the incubation, add the primary antibodies of interest diluted in blocking solution to each dish overnight at 37 degrees Celsius [1].
6.5.1. Antibod(ies) being added to dish, with antibody container(s) visible in frame
6.6. The next morning, wash the dishes with three, 15-minute washes in PBS-Tween [1] followed by labeling with the appropriate secondary antibodies at 37 degrees Celsius for 5 hours [2].
6.6.1. PBS-T being added to dish, with PBS-T container visible in frame
6.6.2. Antibod(ies) being added to dish, with antibody container(s) visible in frame
6.7. At the end of the incubation, wash the cultures two times with PBS-Tween and 1 time with distilled water as demonstrated [1] before mounting the dish with anti-fade mounting medium for microscopy [2].
6.7.1. PBS-T being added to dish, with PBS-T container visible in frame
6.7.2. Mounting being added to dish, with mounting medium container visible in frame




Section – Results
7. Results: Representative Assessment of Cytoskeleton Function in In Vitro Bile Canalicular Formation 

7.1. Within 1 day of seeding in 3D collagen sandwiches, mouse primary hepatocytes form clusters and self-organize in an approximately regular network of bile canaliculi [1].

7.1.1. LAB MEDIA: Figure 4: JoVE Video Editor please add yellow arrowheads in bottom day 1 image and/or emphasize cell clusters in bottom day 1 image

7.2. Within 3-6 days, clusters of 5-10 cells are usually observed [1], with fully polarized hepatocytes forming a canalicular network [2].

7.2.1. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize cluster(s) in day 3 top image
7.2.2. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize/outline network in day 3 bottom image

7.3. Treatment with either toxin [1] or cytoskeleton-altering drugs results in changes in the hepatocyte cytoskeleton [2], and bile canaliculi width, shape, and number [3]. 

7.3.1. LAB MEDIA: Figure 5: JoVE Video Editor please emphasize EtOH image row
7.3.2. LAB MEDIA: Figure 5: JoVE Video Editor please emphasize blebbistatin and okadaic acid image rows
7.3.3. LAB MEDIA: Figure 5: JoVE Video Editor please emphasize EtOH, blebbistatin, and okadaic acid graphs

7.4. Although ethanol treatment exhibits only a mild effect on the organization of keratin 8 [1], it increases the tortuosity and distribution of the bile canalicular widths [2].

7.4.1. LAB MEDIA: Figure 5: JoVE Video Editor please add/emphasize white arrowheads in EtOH:keratin 8 image/arrowheads
7.4.2. LAB MEDIA: Figure 5: JoVE Video Editor please add/emphasize white arrowheads in EtOH:F-actin image/arrowheads

7.5. The signal intensity of ZO-1 (Z-O-one) staining is decreased in ethanol-treated bile canaliculi compared to untreated controls [1], suggesting a loss of tight junctions after ethanol treatment [2].

7.5.1. LAB MEDIA: Figure 5: JoVE Video Editor please add/emphasize white arrowheads in EtOH:ZO1 image TEXT: ZO-1: zonula occludens-1
7.5.2. LAB MEDIA: Figure 5: JoVE Video Editor please add/emphasize white arrowheads in untreated:ZO1 image

7.6. The inhibition of actomyosin contractility with blebbistatin induces the formation of disorderly-shaped [1], thick, rounded bile canaliculi [2].

7.6.1. LAB MEDIA: Figure 5: JoVE Video Editor please add/emphasize white arrowheads in blebbistatin:keratin 8 image
7.6.2. LAB MEDIA: Figure 5: JoVE Video Editor please emphasize bars to right of curve in histogram in blebbistatin graph

7.7. Additionally, treatment with okadaic acid inhibits phosphatases, strongly affecting the physical properties of keratins [1] and resulting in bile canaliculi that are significantly narrowed compared to untreated controls [2].

7.7.1. LAB MEDIA: Figure 5: JoVE Video Editor please add/emphasize white arrowhead in okadaic acid:keratin-8 image
7.7.2. LAB MEDIA: Figure 5: JoVE Video Editor please emphasize data bars in okadaic acid graph

7.8. Further, ethanol treatment significantly elevates the levels of both alanine and aspartate aminotransferases, suggesting severe hepatocellular injury [1], while blebbistatin treatment does not lead to any considerable changes in transaminase levels [2], and okadaic acid treatment triggers mild biochemical changes in alanine aminotransferase [3] but no change in aspartate aminotransferase expression [4]. 

7.8.1. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize light grey EtOH data bars in both graphs
7.8.2. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize medium grey blebbistatin data bars in both graphs
7.8.3. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize dark grey EtOH data bar in ALT graph
7.8.4. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize dark grey EtOH data bar in AST graph






Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Lenka Sarnova: It is important to keep working relatively quickly during the cannulation and at the beginning of perfusion and to avoid bubbles entering the perfusion system [1]. 
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step 3.5., 3.7., 3.8.)
8.2. Katerina Korelova: Cell lysates can be collected in duplicate wells for Western blotting of proteins of interest to determine whether changes in protein expression and/or activation status occur during treatment [1]. 
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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