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Questionnaire:
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. _2.3, 2.4; 3.3, 3.6; 4.2, 4.5;______________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document._3.3 add the solution slowly.
E.  Will the filming need to take place in multiple locations? (Y/N) _______ If yes, how far apart are the locations? __multiple rooms on the same floor;_60 feet_____________________________________

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE): 
Procedural Narrative:
The overall goal of this procedure is to deposit a thin collagen assembly onto cells in a microfluidic device. (Intro)
This is accomplished by first modifying acidified native collagen through methylation to create net positively charged collagen molecules. (P1: Start by showing the collagen molecule and label it as “Native Collagen”.  With the word “methylation” change the label to “Methylated Collagen” and change the O-C-O bond to O=C-O- as described in the P1 step. With the words “positively charged” Highlight the (+) in the image.)
The second step is to modify acidified native collagen through succinylation to create net negatively charged collagen molecules. (P2: Move the “Methylated Collagen” to the left part of the screen, and add a new “Native Collagen” molecule on the right side of the screen. With the word “succinylation” make the change to the molecule as shown in P2 (red) and change the label from “Native Collagen” to “Succinylated Collagen”. With the words “negatively charged” Highlight the 2 x (-) signs in the image.)
Next, the microfluidic devices are prepared and seeded with hepatocytes, which are allowed to attach and spread overnight. (P3: Clear the screen and add the microfluidic device as shown in P3 to the screen.  Add the layer of cells to the bottom of the device with the word “seeded”.)
The final step is to deposit the collagen assembly by alternately exposing the cells to the positively and negatively charged collagen solutions, to create 10 bilayers of collagen on top of the cell layer. (P4: Zoom in on the bottom layer of the device in P3 until the cell image in P4 is shown.  Then, add very thin layers of red and blue on top of the cells.  At the same time, show the 3 lines of wavy blue/red lines with the +/- signs on another part of the screen.)
Ultimately, phase and immunofluorescence microscopy and albumin and urea assays are used to show the development and maintenance of cell polarity and secretory function. (P5: Show images in P5 (from Figure 3F&L) at the start and switch to Figure 4a-b with the word “albumin”.)
53078_McCarty_Schematic.pptx
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B.  Interview: (Said by you on camera. Don’t forget to smile!)   
1.1. William McCarty: The main advantages of this technique are that it enables hepatocytes culture in microdevices using similar techniques to those applied in plate cultures for over 20 years, it doesn’t require complex device designs, and the deposited matrix is very thin, on the order of 100 nanometers.
1.2. Berk Usta: We first had the idea for this method while brainstorming how to translate classic hepatocyte cell culture techniques from plates to microfluidic devices. The collagen sandwich method works in open topped, macroscopic systems, but the hydrogels used are incompatible with closed microdevices with limited channel heights. 
Protocol (read by voice talent at JoVE):  
2. Collagen Methylation 
2.1. Dilute 100 mg of a native, acidified collagen solution to a concentration of 0.5 mg/mL with ice cold sterile water [2.1.1 - MED] and place the solution on ice to prevent gelation. [2.1.2 - CU]
2.1.1. *Film as written

2.1.2. *Film as written

2.2. Next, adjust the pH of the collagen solution to between 9 and 10 with a few drops of 1 N sodium hydroxide, [2.2.1 - MED] and gently stir the solution at room temperature for 30 minutes. As the collagen precipitates, the solution will begin to turn cloudy. [2.2.2 - ECU]
2.2.1. *Film as written
2.2.2. Close up shot of the solution going from clear to cloudy.  If it takes too long, a short clip of each would be fine (Add a 2.2.3 step of the cloudy sample)
2.3. Spin down the precipitated collagen solution at 3,000 × g for 25 minutes. [2.3.1 - MED]  Afterwards, a clear, gel-like precipitate should be visible in the bottom of the tubes. [2.3.2 - ECU]
2.3.1. *Film as written
2.3.2. Talent holds up tube to camera showing precipitate.
2.4. Aspirate the supernatant and then resuspend the precipitated collagen in 200 mL of methanol with 0.1 N hydrochloric acid.  [2.4.1 - CU] Allow the methylation reaction to occur while stirring at room temperature for 4 days.  [2.4.2 - MED]
2.4.1. *Film as written
2.4.2. Talent labels the sample and sets it on the bench/in the hood.
2.5. After the methylation, centrifuge the solution at 3,000 × g for 25 minutes to pellet the methylated collagen. [2.5.1 - MED] Then, aspirate and dispose of the acidified methanol supernatant. [2.5.2 - CU]
2.5.1. *Film as written
2.5.2. *Film as written
2.6. Next, dissolve the methylated collagen in 25 milliliters of sterile PBS and filter the solution through a 60 micron cell strainer. [2.6.1 - CU] Adjust the pH of the solution to 7.3 to 7.4 using 20 microliter increments of 1 N sodium hydroxide. [2.6.2 - MED]
2.6.1. *Film as written
2.6.2. *Film as written
2.7. Assess the concentration of the collagen solution using a commercial rat collagen ELISA kit or hydroxyproline assay kit. [2.7.1 - MED] Then, dilute the solution to 3 mg/mL with sterile PBS. [2.7.2 - CU]
2.7.1. Talent pipettes items into a 96-well plate with the kit spread out on the bench. (Repeat from different angle for step 3.10.1)
2.7.2. *Film as written
2.8. Sterilize the methylated collagen solution by transferring it to a glass bottle with a screw cap, carefully layering 3 mL of chloroform at the bottom of the bottle, [2.8.1 - CU] and allowing the bottle to set overnight at 4 °C.  [2.8.2 - MED] The next morning, aseptically remove the top methylated collagen layer.  [2.8.3 - CU] Store the methylated collagen at 4 °C and use it within 1 month. [2.8.4 - MED]
2.8.1. *Film as written
2.8.2. Talent places vial at 4 °C
2.8.3. *Film as written
2.8.4. Talent places vial at 4 °C
3. Collagen Succinylation 
3.1. Dilute another 100 mg of native, acidified collagen solution to a concentration of 0.5 mg/mL with ice cold sterile water and place the solution on ice to prevent gelation.[3.1.1 - CU]
3.1.1. *Film as written
3.2. As previously shown, adjust the pH of the collagen solution with sodium hydroxide [3.2.1 - CU] and stir the solution at room temperature to precipitate the collagen. [3.2.2 - MED/CU]
3.2.1. *Film as written

3.2.2. *Film as written
3.3. Next, dissolve 40 milligrams of succinic anhydride in 10 mL of acetone. [3.3.1 - CU] Slowly add this mixture in 0.5 milliliter increments to the collagen solution while stirring and continuously monitoring the pH of the solution. [3.3.2 - CU]
3.3.1. *Film as written
3.3.2. *Film as written
3.4. Maintain the pH above 9.0 by adding 1 or 2 drops of 1 N sodium hydroxide as the pH approaches 9.0. [3.4.1 - MED/CU]
3.4.1. *Film as written, show pH meter in shot if possible
3.5. Continue stirring at room temperature for 120 minutes after adding all of the succinic anhydride solution. [3.5.1 - ECU] Observe the mixture become clear as the succinylated collagen dissolves. [3.5.2 - ECU] Continue to periodically check the pH to ensure it remains above 9.0. [3.5.3 - MED]
3.5.1. Close up of sample while it’s cloudy.
3.5.2. Close up of clear sample (Same Framing as 3.5.1)
3.5.3. *Film as written

3.6. When all of the succinylated collagen has dissolved, adjust the pH of the solution to 4.0 using 20 microliter increments of 1 N hydrochloric acid. [3.6.1 - CU] 
Observe the solution become cloudy again as the succinylated collagen precipitates. [3.6.2 - ECU]
3.6.1. Talent adds the first increment of HCL
3.6.2. Show transition from clear to cloudy as HCL is added.
3.7. Next, centrifuge the solution at 3,000 × g for 25 minutes to pellet the succinylated collagen. [3.7.1 - MED] Aspirate and dispose of the acidified supernatant with unreacted succinic anhydride. [3.7.2 - ECU]
3.7.1. *Film as written
3.7.2. *Film as written
3.8. Dissolve the succinylated collagen with repeated pipetting in 25 mL of sterile PBS, giving a final concentration of approximately 3 mg/mL.  [3.8.1 - CU]
3.8.1. *Film as written
3.9. Then, filter the solution through a 60 micron cell strainer [3.9.1 - CU] and then adjust the pH of the solution to between 7.3 and 7.4 using 20 µL increments of 1 N sodium hydroxide. [3.9.2 - MED/CU]
3.9.1. *Film as written
3.9.2. *Film as written
3.10. Assess the concentration of the solution using a commercial collagen rat ELISA kit or hydroxyproline assay kit. [3.10.1 - MED] Then, dilute the solution to 3 mg/mL using sterile PBS. [3.10.2 - MED/CU]
3.10.1. Talent pipettes items into a 96-well plate with the kit spread out on the bench. 

3.10.2. *Film as written
3.11. Sterilize the succinylated collagen solution the same way as the methylated collagen solution. [3.11.1 - CU]
3.11.1. Talent removes the sterile layer of collagen and places it in a separate vial.
4. Layer-by-layer Collagen Deposition
4.1. Begin by fabricating a microfluidic device using standard technique, [4.1.1 - MED] which has cell culture chambers with 100 microns tall, 0.4 to 1.5 millimeters wide, and 1 to 10 millimeters long channels for cell growth. [4.1.2 - ECU]
4.1.1. Talent takes device out of storage container and displays to camera.
4.1.2. Close-up view of chip’s features.
4.2. Use a plasma cleaner to oxidize the surfaces of the device and a glass slide.  [4.2.1 - CU] Then, press the two together to form a bond. [4.2.2 - CU] 
4.2.1. Sample being oxidized (Show glow).
4.2.2. *Film as written

4.3. After sterilizing the device by exposure to UV light for at least 30 minutes, fill the chamber with 50 µg/mL fibronectin in sterile PBS [4.3.1 - CU] and incubate at 37 °C for 45 minutes. [4.3.2 - MED]
4.3.1. Talent turns of UV light, and adds fibronectin to the chambers.

4.3.2. Talent places device in the incubator.
4.4. Next, seed the device with cells as described in the accompanying text protocol. [4.4.1 - CU]
4.4.1. *Film as written
4.5. In a laminar flow tissue culture hood, prepare sufficient volumes of methylated and succinylated collagen solutions for 10 applications of each solution per device, as well as a few extra milliliters of media. Keep the solutions on ice. [4.5.1 - MED]
4.5.1. *Film as written 
4.6. Alternate flushing the devices with 20 µL of methylated [4.6.1 - CU] and then succinylated collagen solutions, waiting 1 min between each application. [4.6.2 - CU] Flush the device a total of 10 times per solution.  Work quickly to minimize the amount of time the cells are without media. [4.6.3 - MED]
4.6.1. Talent adds methylated collagen. (*Clearly label syringe/vial of solutions)
4.6.2. Talent adds succinylated collagen. (*Clearly label syringe/vial of solutions)
4.6.3. Talent switches from one solution to the other and flushes the device.
4.7. While growing the layers of collagen, it is possible to observe collagen slowly accumulate at the inlet and outlet of the microfluidic device. [4.7.1 - ECU]  If the resistance to fluid flow increases, flush the device once or twice with media, and then continue layering. [4.7.2 - CU]
4.7.1. Example of accumulation at inlet/outlet
4.7.2. Talent flushes device with media.
4.8. After applying all of the layers, rinse the device twice with fresh media [4.8.1 - CU] and return to the incubator. [4.8.2 - MED]
4.8.1. *Film as written

4.8.2. *Film as written

5. Results: Layer-by-layer Collagen Deposition Stabilizes Hepatocytes in Microfluidic Devices. 
5.1. Methylation… and succinylation… alter the charge characteristics of the collagen molecules. [5.1.1 - LM] Succinylation removes positively charged groups and replaces them with negatively charged groups, and methylation removes negatively charged groups allowing for layer by layer deposition of the two collagen variants on top of charged surfaces such as cells. [5.1.2 - LM]
5.1.1. Figure 1a (Video Editor: Start by showing only the left molecule in Figure 1a. With the word “Methylation” Add the word Methylation on screen along with the arrow and the methylated collagen molecule. With the word “succinylation” Add the word succinylation on screen along with the arrow and the succinylated collagen molecule.)
5.1.2. Figure 1a and Figure 1c (Video Editor: Shift Figure 1a so Figure 1c also fits on screen. Blink the red structures/text/bar with the words “Succinylation removes positively charged groups and replaces them with negatively charged groups” and blink the blue words/bar/ and O- with the words “methylation removes negatively charged groups”
5.2. Primary hepatocytes seeded on fibronectin-coated glass within a microfluidic device can be coated with this layer by layer collagen matrix assembly [5.2.2 - LM]. Deposition of 10 bilayers on cells creates a collagen layer thickness of approximately 140 nm [5.2.3 - LM].
5.2.1. Figure 2b-c (Video Editor: Label Figure 2b with “Cells Only” and Figure 2c with “Cells + 10 Bilayers of Collagen”)
5.2.2. Figure 2b-d (Video Editor: Add Figure 2D to the screen or place over part of the images.)

5.3. Hepatocytes without a top collagen layer by layer matrix lose their differentiated phenotype, contract, and lift off the surface of microfluidic devices over time [5.3.1 - LM]. In contrast, hepatocytes covered with an ultrathin collagen assembly maintain their differentiated morphology, a viability of greater than 90%, and polarization over 14 days [5.3.2 - LM]
5.3.1. Figure 3 (Top two rows) (Video Editor: Highlight the top row (A-C) of the two.)

5.3.2. Figure 3 (Top two rows) (Video Editor: Highlight the bottom row (D-F) of the two. With the words “a viability of greater than 90%” switch out the bottom row for the 3rd row down in Figure 3 (G-I). With the words “polarization over 14 days”, switch out the bottom row again, this time replace it with the 4th row (J-L).  Be sure to change out the row’s label each time.)
5.4. In addition to cell viability, morphology, and polarization, the collagen layer-by-layer technique also recovers and stabilizes the function of primary hepatocytes as indicated here. [5.4.1 - LM]
5.4.1. Figure 4a-c (Video Editor: Highlight the red part of each graph 1 at a time spaced evenly starting with the word “recovers”.)
6. Conclusion (said by authors on camera) 
6.1. William McCarty: After watching this video, you should have a good understanding of how to methylate and succinylate collagen to create net positively and negatively charged collagen solutions and how to use them in layer by layer deposition to create thin collagen assemblies on top of cells in microfluidic devices. 
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.
53078_McCarty_Figure1.psd

53078_McCarty_Figure2.psd

53078_McCarty_Figure3.psd

53078_McCarty_Figure4.psd
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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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


