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A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?   Yes. The dissecting microscope does not have a camera attached to it and I need help videotaping the dissection of the bile ducts. I used the dissecting microscope (Nikon SMZ645, Melville NY).
B. Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)?  No
C. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below)   Steps 2.2 through 2.11
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 1. The dissection and cleaning of the bile ducts.  2. To a lesser extent, the creation of the thick collagen gel.
E. Will the shoot take place in more than one location?  (Y/N, specify travel time between locations) No
Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to isolate and culture neonatal murine extrahepatic cholangiocytes. (Intro)  This is accomplished by first surgically exposing the abdominal organs to allow access to the liver and bile ducts. (P1)  The second step of the procedure is to meticulously remove the connective tissue and fats surrounding the bile ducts and gallbladder. (P2)  The cleaned bile ducts and gallbladder are then placed on thick collagen gels and cultured for three weeks. (P3) The cholangiocytes will migrate from the ducts and are split to thin collagen gels for further culture. (P4)  Ultimately, results show monolayers of pure cholangiocytes through immunofluorescence microscopy. (P5)
Video editor:

P1 – Begin with P1: draw the U shaped line onto the abdomen with the narration “incision”.
P2 – Fade on the brown, red and light green structures with their labels, including the upper right grey bars.  Then, with “remove” in the narrative, fade on the second grey bars dark green with its label.
P3 – Fade out everything but the green line. And then ‘move’ it into the Petri dish provided for P3.  Note that three others should already be there – that makes the point that more than one mouse is dissected for tissues.

P4 – Fade to P4.
P5 – Fade to P5.
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1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Sara Karjoo: Generally, individuals new to this method will struggle because of technical difficulties with the delicate dissection and cleaning of the small bile ducts.

Protocol Chapters (read by a voice talent at JoVE):

2. Bile Duct Isolation 

2.1. For this procedure, set up a mouse surgical table close to the tissue culture hood and incubator.  Place all the sterilized surgical tools in a beaker containing 70% ethanol.
2.1.1. WID: talent with surgical table, hood and incubator in proximity – pouring a bath of ethanol
2.1.2. MED: transferring surgical tools to ethanol bat; tools are already sterile and, so, they are handled with gloves
2.2. Put three media-loaded 60-mm dishes on ice. Two dishes are needed at the surgical table, but keep the other materials in the hood.  The collagen should be on ice.
2.2.1. MED: transferring Petri dishes, with media, to ice – one of two ice bucket
2.2.2. [split into 2 shots] WID: placing one ice bucket with dishes by surgical table, then placing collagen on ice in hood
2.3. Begin by placing a euthanized 0-3 day old neonatal mouse in a supine position on the dissection board.
2.3.1. MED: transferring dead mouse to surgical site (possibly under dissection microscope – where we could probably get a better shot for 2.4)
2.3.2. CU: positioning mouse for first incision
2.4. Start with a small horizontal incision along the midline, near the pelvis.  Extend the incision rostrally on both sides, making a U-shaped flap, and expose the organs.
2.4.1. SCOPE/ECU: making U-shaped incision, then exposing organs 
2.5. Now, carefully displace the intestines to the right of the abdomen to view the liver and bile duct.  Extend the skin incisions to enlarge the flap, if needed.
2.5.1. SCOPE/ECU: moving intestines to expose the liver and bile duct – have talent point out their general location – extending size of U-shaped incision, perhaps
2.6. Under the dissection scope, carefully identify and clean the common bile duct.  Pick off connective tissue and surrounding fat.
2.6.1. SCOPE: identifies bile duct, then cleans off surrounding tissue – this and 2.8.1 are the most informative parts of the video, so be sure that we get excellent footage and, if possible, film this part of the procedure more than once
2.7. Sara Karjoo:  It is critical to carefully remove all connective tissue surrounding the ducts in order to prevent contamination with fibroblasts.  So, be meticulous and work under a dissecting microscope.
2.7.1. MED/WID: interview segment filmed at lab bench, where work is being done.
2.8. Next, do the same to clean the gallbladder.
2.8.1. SCOPE: identifies gall bladder, then cleans off surrounding tissue
2.9. Remove the bile duct and gallbladder and place them in one of the prepared dishes.
2.9.1. SCOPE: removing bile duct and removing gallbladder
2.10. There, massage the structures using non-serrated forceps to remove more connective tissue and eject bile.
2.10.1. ECU: setting tissues into dish, then massaging them – bile releases
2.11. Then, transfer the cleaned tissues to the second dish.  Keep repeating this procedure until tissue is collected from exactly five neonates.
2.11.1. CU: moving tissue between the two dishes
2.11.2.  MED: performing 2.4 and 2.5 steps, wider angle
3. Embedding Tissue into Thick Collagen Gels

3.1. Start by preparing a thick collagen gel.  Always make this fresh.  First get all the sterilized solutions together, on ice.  (TEXT: 10X PBS, 1 N NaOH, dH2O)
3.1.1. WID: talent arrives to bench with ice bucket and starts transferring bottles to the ice hood with bottles on ice and transfer bottles to hood on ice
3.1.2. CU: adding 2nd and 3rd bottle to ice, labels are similar to TEXT
3.2. Calculate the volumes needed for 2 milligrams of collagen per milliliter of 1X PBS.  Add 0.023 parts of sodium hydroxide to each part collagen.  Mix the aliquots together, at room temperature, by pipetting.
3.2.1. MED: adding aliquots of PBS and of water to mixing container, from bottles on ice
3.2.2. MED: takes aliquot of NaOH and mixes it into container, from bottle on ice
Video editor: more shots for this follow the intervening interview.
3.3. Sara Karjoo: It is essential to mix the PBS, sodium hydroxide, and distilled water before adding the collagen. The collagen stock must be the last component added to the gel, and the final mixture needs to be pipetted well. This prevents collagen clumping.
3.3.1. MED/WID: interview segment filmed at lab bench, where work is being done.
Video editor: switch to following shots after first sentence of interview:
3.3.2. MED: completing the mixture by adding collagen to the container
3.3.3. CU: pipetting mixture up/down
3.4. When the solution begins to take on a gel-like consistency, immediately embed the isolated tissues.
3.4.1. MED: embedding tissue, show what container the tissues and collagen gel are mixed in – either a new Petri dish or the same Petri dish the tissues were on
3.4.2. ECU: tissue embedded in gel, just after embedding
3.5. Then, transfer the embedded tissues to the incubator for 30 minutes to solidify. (TEXT: 37 ºC, 5% CO2, 30 min)
3.5.1. WID: placing embedded tissues into an incubator
3.6. Once solidified, overlay the gel with 3.5 ml of BEC media and continue the incubation.  Thereafter, change the BEC media three times per week.
3.6.1. MED: talent loading pipette with BEC media

3.6.2. CU: adding BEC to dish of embedded tissue, show technique in detail
4. Isolating Primary Cholangiocytes

4.1. Within three weeks, sheets of cells with large nuclei extending from the embedded ducts will from.  These are the cholangiocytes.  
4.1.1. WID: talent arrives at microscope with plates and starts to observe cell culture
4.1.2. SCOPE: cholangiocytes grown out of ducts, as seen from wide angle
4.2. If the dish has a significant population of fibroblasts, unless they can be cut away, the dish should be discarded.
4.2.1. [split into 2 shots] SCOPE: fibroblasts in dish identified and cut away
4.3. Now, prepare thin collagen gels with one milligram of collagen per milliliter of PBS.   Coat one milliliter on a 100-mm plate and spread out the collagen evenly and wait 10 minutes.
4.3.1. WID: talent with solutions on ice, adding aliquots to mixing tube to make thin collagen
4.3.2. MED: pouring thin collagen on 100-mm plate
4.3.3. CU: spreading collagen
4.4. After ten minutes, cover the plate with 7 milliliters of DMEM/F12 and incubate it for 10 minutes.
4.4.1. MED: taking aliquot of DMEM/F12 and adding to plate
4.4.2. WID: placing plate in incubator
4.5. After the brief incubation, quickly wash the collagen with 1X PBS.  
4.5.1. MED: rinsing off plate with PBS
4.6. Remove all the PBS by aspiration and, then, add a second later of collagen, just as done to build up the first layer.
4.6.1. CU: sucking up solution from dish
4.6.2. CU: pouring/aliquoting more collagen onto the plate over first collagen layer
4.7. Once solidified, overlay the plate with DMEM/F12 and incubate it for thirty minutes.  (TEXT: 37 ºC, 30 min)
4.7.1. CU: plate with solidified 2nd layer of collagen, talent adds DMEM/F12 media solution
4.8. Now, split the cells from the thick gels.  First, using a spatula or scraper, gently detach the collagen from the plate so it is floating.
4.8.1. MED: prepares to use spatula on the thick gel plates
4.8.2. CU: spatula/scraper used to detach collagen from thick gel plate – collagen should float
4.9. Next, prepare filtered collagenase solution and add one milliliter to each 60-mm dish of thick collagen.   Then, transfer the plates to the incubator. (TEXT: 37 ºC, 30 min)
4.9.1. MED: filtering collagenase solution
4.9.2. MED: taking aliquot of filtered solution and adding it to the thick collagen plates
4.10. After a 30-minute incubation, remove all the solution, which contains the cells, and transfer it to a 15-milliliter tube.
4.10.1. CU/ECU: sucking solution out of dish, after collagenase incubation – it would be good to see detail of how plate should look now
4.10.2. WID: transferring solution to 15-ml tube, then transferring tube to centrifuge
4.11. Spin the tube down (TEXT: 2200 x g, 5 min) and remove the supernatant by aspiration. 
4.11.1. [split into 2 shots] WID: removing the tube from the centrifuge and then removing supernatant from tube, ejecting supernatant to waste
4.12. Resuspend the pellet in 4.5 milliliters of DMEM/F12 media and spin it down, again. (TEXT: 2200 x g, 5 min)
4.12.1. MED: adding aliquot of DMEM/F12 to tube with pellet and then mixing
4.13. Resuspend the pellet in three milliliters of 0.5% Trypsin.  Incubate the cells at 37°C for five minutes, during which time the sheets of cells will loosen up.  (TEXT: 37 ºC, 5 min)
4.13.1. WID: Like 4.11.1
4.13.2. MED: taking aliquot of 0.5% Trypsin, adding it to tube with pellet and mixing
4.14. After five minutes, flow the clumps through a 5 or 10-milliliter pipette until they break up. Then, add five milliliters of BEC media and spin the cells down a third time. (TEXT: 1500 x g, 5 min)
4.14.1. CU: pipette enters solution and starts mixing it with flowing – chunks of cells should be seen breaking up
4.14.2. MED: taking an aliquot of BEC and adding it to the cells
4.15. Resuspend the pellet in DMEM/F12 media, as a wash step, and pellet the cells again. (TEXT: 1500 x g, 5 min)
4.15.1. Reuse 4.12.1
4.15.2. Reuse centrifuge part of 4.10.2
4.16. Now, resuspend the cells in BEC media and plate them on the prepared thin-layer collagen gels.  Grow up the cells and split them on collagen gels, as needed.
4.16.1. MED: aspirating media from tube, ejecting to waste, then adding BEC media to the tube and mixing (contains cells for next step)
4.16.2. MED: plating mixture onto the thin-layer collagen gel culture plates
5. Characterizing Cultured Choloangiocytes
5.1. Using the described protocol, a population of neonatal mouse extrahepatic cholangiocytes with excellent purity was isolated and stained with K19 immunofluorescence.  

5.1.1. LAB MEDIA: Figure 2A

5.1.2. LAB MEDIA: Figure 2B

Video editor: fade to 2B toward the end of the narrative.  Show the scale bars – 2B is at higher magnification.

6. Conclusion Interview (spoken by you on camera)

6.1. Sara Karjoo: After watching this video, you should have a good understanding of how to isolate a pure population of neonatal mouse extrahepatic cholangiocytes by a combination of meticulous duct dissection and outgrowth on thick collagen gels.

List of Provided Media Filenames and Descriptions (fill this in)
Please provide 2a and 2b panels as individual figures and list them 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.
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