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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___N___ If yes, please list make and model of your microscope: NIKON TE 300.
B.   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 steps. Preparation of polymers, binodal determination, dispensing droplets of DEX, covering DEX droplets with PEG.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Preventing satellite droplet from appearing during co-culture patterning. It is important to dispense PEG on top of the DEX droplet before filling in the surrounding areas.  If the PEG liquid meniscus sweeps over the DEX droplet from the side, it tends to carry away some of the DEX and disrupt the island patterning.
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 directly pattern cells in entirely aqueous environments. (Intro)
This is accomplished by first dissolving long-chain polymers such as polyethylene glycol and dextran in separate tubes containing cell culture medium. (P1.ai (P1)): The powder from the top should drop into the blue and pink liquid below and disappear. The liquid in the tubes apparently turn to the color shown in the next image. Then remove the spoons. One tube is labeled PEG and the other Dextran)
The second step is to trypsinize, harvest, pellet, and resuspend cells at the desired seeding density in one or both polymer solutions. (P1.ai (P2)): Add the cell culture plates to the screen along with the previous test tubes.  The cells (dots) from the bottom of each petri dish go into each of the test tubes for “typsinize, harvest,” but the cells don’t disappear, they are floating throughout the solution. For “pellet,” show the upper left two tubes of P1a.ai. For remainder of sentence, show the lower right two tubes of P1a.ai. )
Next, the polymer solutions are dispensed onto a cell culture dish. The incompatibility of the two polymers allows spatial patterning of the two fully-aqueous liquids. Cells can be included in either polymer solution or in both polymer solutions to produce a variety of patterns. (P3: Show the top row of P3/4 – start with both pipettes and the dish, then have the blobs appear. Then the pipettes disappear. When “either” is mentioned, have the two upper petri dishes turn into the petri dish immediately below them in the middle row, when “both” is mentioned add the petri dish in the middle row, third column.)
The final step is to remove the polymer solutions once the cells have been allowed to adhere for four hours or longer and replace it with culture medium. (P4: Replace the dishes in the middle row with the images in the bottom row.)
Ultimately, brightfield or fluorescence microscopy can be used to confirm cell patterning. (P5: Then switch to the image for P5)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. John Frampton: The main advantage of this technique over existing methods, like microcontact printing, is that cells are patterned in an entirely aqueous environment with simple tools like micropipetters.   

1.2. John Frampton: This method can be used for tissue engineering, to assess cell migration and to investigate cell to cell paracrine and autocrine signaling.  

1.3. John Frampton: Demonstrating the procedures will be Abin Abraham, an undergraduate student, and Joshua White, a graduate student, from the Takayama lab.  
1.3.1. Interview style: Author saying the above 

1.3.2. 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. Phase System Characterization: Determining Thresholds for Phase Separation 
2.1. Begin by determining the binodal threshold of your specific aqueous two-phase system by dissolving, 35 kDa polyethylene glycol, also known as PEG, and 500 kDa dextran, also known DEX, into the specific media that will be used in your experiments. 
2.1.1.  MED: Talent stands at the bench with the two bottles of additives (PEG and DEX), the 15 mL conical tubes set out in a rack (well labeled), and the bottle of cell culture media that will be used (labeled with the supplements).  They then show each bottle to the camera in the order above. (Video Editor: Add the text for each bottle as they are presented.)(TEXT: PEG – 35 kDa, DEX – 500 kDa, Medium: DMEM without FBS and without antibiotics.
2.2. Prepare 16 2 mL samples in ​​15 mL conical tubes each with different concentrations of PEG and DEX similar to the chart shown here.  
2.2.1. LABMEDIA: ATPS_binodal table.docx
2.3. To accomplish this, weigh out the appropriate amounts of PEG and DEX according to the chart and mix them in the media by gently by rocking them until both polymers are fully dissolved.  This may take several hours. 
2.3.1. MED: Talent adds pre-weighed PEG and DEX to 15mL conical tube, closes the lid, 
2.3.2. MED: Talent places the tube onto a rocker. (Begin with pre-weighed trays of PEG and DEX with the weights written clearly on them so that they can be seen by the camera. Also, make sure all the 15 mL tubes are clearly labeled.) 
2.4. After the polymers are fully dissolved, the solution should be cloudy. Confirm phase separation by centrifuging the samples at 1000 x g for 5 min. The denser bottom phase will be DEX-rich. The top phase will be PEG-rich.
2.4.1. CU: Talent shows tube of fully dissolved polymers. The solution is cloudy.
2.4.2. MED: Talent places tubes into the centrifuge and starts it.

2.4.3. MED: Talent a single tube out of the centrifuge that has separated and shows it to the camera.
2.5. Next, slowly add 0.1 mL of additional medium to the tubes and vortex the samples for 20 seconds. Then, centrifuge the samples again to check for phase separation.  The solution is clear after additional volumes of medium have been added.
2.5.1. MED: Talent adds 0.1 mL of medium to a tube and mixes it by vortexing it for 20 seconds. (Videographer: Show the other tubes in the background.)
2.5.2. MED: Talent places the tubes into the centrifuge and starts it. (TEXT: 1000 X g, 5 min.) The solution is clear after additional volumes of medium have been added.
2.6. Repeat this step, adding another 0.1 mL of medium, mixing and centrifuging the samples until the solution becomes clear and no longer phase-separates. This indicates that the critical point threshold has been reached for that specific mixture. Record the final weight of each tube at this point.
2.6.1. MED: Talent works at the bench with the centrifuged tubes in a rack in front of them. The first tube in the rack should be separated and the talent would add media to the tube and vortex that sample and put it in a new rack to the left.  Then, the next sample would not be separated and he would write down notes in his notebook and move that sample into a rack on the right to signify it was complete.
2.7. Finally, determine the % wt/wt of the two polymers at the phase separation point. Plot the binodal curve placing % wt/wt PEG on the y-axis and % wt/wt DEX on the x-axis. This curve is the threshold concentrations for phase separation of PEG and DEX in this medium. 
2.7.1. MED Over the Shoulder: Talent works at computer plotting the binodal curve.
3. Configuration 1: Exclusion Patterning of HeLa cells 
3.1. To begin exclusion patterning of cells, prepare separate solutions of PEG and DEX at twice their critical point values as determined by the binodal threshold. For these experiments 5.0 % wt/wt PEG and 12.8 % wt/wt DEX are added to DMEM with 10% FBS and 1% antibiotics. The tubes are placed on a rocker to let them fully dissolve. 
3.1.1. MED: Talent looks at a printout of the binodal curve and draws a line from the point on the curve to each axis as if to determine the amount to be used. 
3.1.2. MED: Talent adds pre-weight amounts of PEG to one tube containing DMEM, DEX to another tube, then closes their lids and places them on a shaker. (Videographer: Take this shot from multiple angles to use in 4.1 and 5.1 as well.)
3.1.3. MED: Place tubes on rocker to let them fully dissolve.

3.2. Next, harvest the cells to be used for exclusion patterning. For this experiment HeLa cells at 80% confluence are trypsinized using 0.5% trypsin for 3 minutes. Once harvested, count the number of cells using a hemocytometer. 
3.2.1. MED: Talent adds media after treating the cells with trypsin and draws up the cells placing them into a 15 mL conical tube. (Videographer: Take this shot from multiple angles to use in 4.1 and 5.4 as well.)
3.2.2. CU: Talent takes a sample from the cell suspension and adds it to a hemocytometer. (Videographer: Take this shot from multiple angles to use in 4.1 and 5.4 as well.)
3.3. Then, pellet and resuspend the cells at 375,000 cells/mL in medium with 5.0 % PEG added. This concentration will produce samples that when cultured, will become confluent the following day. 
3.3.1. MED: Talent picks up tube labeled 5% PEG and draws up an appropriate amount of media, then adds the media to a vial of pelleted cells and suspends them. *Make sure all tubes are clearly labeled and that the labels face the camera.
3.4. Next, using a micropipetter, dispense 0.5 µL droplets of the 12.8% DEX solution onto a dry 96-well plate. For exclusion patterning, DEX droplets can be allowed to dry under sterile conditions for later use. 
3.4.1. MED: Talent removes lid on 96-well plate and dispenses a droplet into a few of the wells of a 96-well plate
3.4.2. LABMEDIA: Figure 2a Format 1 (Video Editor: Inlay this image into a small corner of the video not occupied by anything important during shot 3.4.1.)

3.4.3. CU: Close-up of plate alone looking straight down onto the wells in order to visualize the droplets on the surface.

3.4.4. MED: Talent places last drop in the plate and places it aside to dry.

3.5. Then, dispense 200 µL of PEG HeLa cell suspension into the well slowly to cover the DEX droplets. It is important to first cover the DEX droplet with the PEG solution before filling in the surrounding areas as this prevents it from disrupting the droplet when it spreads across the well.
3.5.1. MED: Talent removes lid on 96-well plate and dispenses PEG solution into a few of the wells of a 96-well plate

3.5.2. LABMEDIA: Figure 2b Format 1 (Video Editor: Inlay this image into a small corner of the video not occupied by anything important during shot 3.5.1. Insert it starting with the 2nd sentence and animate the graphic so that it starts with the blue hemisphere and add the pink liquid with the cells as if it radiates out from the blue spot as shown below.)
3.6. Once all the wells have been patterned and seeded, carefully place the cell culture plate into a humidified incubator. Make sure that the dish is not tilted during handling and that it is placed on a level incubator shelf to avoid disrupting the patterns. 
3.6.1. MED: Talent takes the plate from the tissue culture hood and slowly places it into the incubator and closes the door. (TEXT: 37 °C, 5% CO2)

3.7. After the cells have been allowed to adhere for 12 hours, remove the PEG solution and wash three times with 200 µL of culture medium to remove any residual polymers. Then, add 200 µL of fresh culture medium and return the plate to the incubator.
3.7.1. MED: Talent removes the plate from the incubator and places it into the TC hood.

3.7.2. MED: Talent removes media from the plate (Videographer: You may want to take extra shots of this to use in 4.5 and 5.7)(Video Editor: Show beginning with the word “remove”)

3.7.3. CU: Talent adds fresh media to the plate. (Videographer: You may want to take extra shots of this to use in 4.5 and 5.7)( (Video Editor: Show beginning with the word “add”)
3.8. Monitor the cultures periodically to observe cell proliferation and migration into the exclusion zones.
3.8.1. MED: Talent looks through bench top microscope at cells in the 96-well plate. (Videographer: You may want to take extra shots of this to use in 4.6 and 5.8) [This shot was taken as part of 4.6.1.]
3.8.2. LABMEDIA: Figure 3a format 1 (Video Editor: Inlay the microscope image into part of the screen while the talent is looking through the microscope.)

4. Configuration 2: Island Patterning 

4.1. To begin island patterning, prepare solutions of 5.0 % wt/wt PEG and 12.8 % wt/wt DEX in cell culture medium. Also, harvest the HeLa cells to be used for island patterning and again determine the total number of cells available using a hemocytometer. 
4.1.1. MED: Talent adds pre-weight amounts of PEG to one tube containing DMEM, DEX to another tube, then closes their lids and places them on a shaker.

4.1.2. MED: Talent adds media after treating the cells with trypsin and draws up the cells placing them into a 15 mL conical tube.

4.1.3. CU: Talent takes a sample from the cell suspension and adds it to a hemocytometer.
4.2. Next, pellet and resuspend the cells at 5,000,000 cells/mL in medium containing 12.8% DEX.  A higher concentration of cells may be needed to reach confluence in 24 hours if the cells do not adhere as well as HeLa cells.
4.2.1. MED: Talent picks up tube labeled 12.8% DEX and draws up an appropriate amount of media, then adds the media to a vial of pelleted cells and resuspends them. *Make sure all tubes are clearly labeled and that the labels face the camera.
4.3. Next, pipette 200 µL of PEG solution into each well of a 96 well plate.  Then slowly add a 0.5 µL droplet of DEX/cell suspension in each well containing the PEG solution. The droplets will sink to the bottom and contact the culture surface. 
4.3.1. MED: Talent removes lid on 96-well plate and dispenses 200 µL of PEG solution into a few of the wells of a 96-well plate, then drops the DEX/Cell suspension into the same wells.

4.3.2. LABMEDIA: 4.3.ai (Video Editor: Inlay an animated form of the top row of 4.3.ai into a small corner of the video not occupied by anything important during shot 4.3.1. Start with an empty well, then add the pink media during the first sentence.  During the 2nd sentence add a droplet of the blue media with cells and have it slowly drop to the bottom during the last sentence.)

4.4. Then, carefully transfer the plate into the incubator, taking care to not tilt the dish at any point which may disrupt the patterns.  
4.4.1. MED: Talent takes the plate from the tissue culture hood and slowly places it into the incubator and closes the door. (TEXT: 37 °C, 5% CO2)
4.5. After 12 hours, remove the PEG solution and wash three times with 200 µL of culture medium. Then, add 200 µL of fresh culture medium and return the plate to the incubator.
4.5.1. MED: Talent removes media from the plate.
4.5.2. CU: Talent adds fresh media to the plate. 
4.6. Monitor the cultures periodically to observe cell proliferation and migration outwards from the islands.
4.6.1. MED: Talent looks through bench top microscope at cells in the 96-well plate. 

4.6.2. LABMEDIA: Figure 3d format 2 (Video Editor: Inlay the microscope image into part of the screen while the talent is looking through the microscope.)
5. Configuration 3: Exclusion / Island Patterned Co-Cultures 
5.1. Begin co-culture patterning by preparing solutions of 5.0 % wt/wt PEG and 12.8 % wt/wt DEX in DMEM with 10% FBS and 1% antibiotics.  
5.1.1. MED: Talent adds pre-weight amounts of PEG to one tube containing DMEM, DEX to another tube, then closes their lids and places them on a shaker.
5.2. Also, grow up the two cell types to be used in the exclusion and island patterning so they are near confluence at the same time. Here we will use HepG2 C3A hepatocytes islands with NIH 3T3 fibroblasts surrounding them. 
5.2.1. MED: Talent looks at the culture plates through a microscope to check the confluence.
5.3. Once the fibroblasts are 80-90% confluent, treat them with mitomycin C for 2 hours to prevent further proliferation. 

5.3.1. MED: Talent removes media from cells and adds solution from tube labeled with mitomycin C.

5.4. Then, harvest the two cell types and count them separately using a hemocytometer. These two cell types can be easily distinguished using brightfield microscopy. 
5.4.1. CU: Talent draws up cells from 1st tube and places into one side of the hemocytometer, then gets cells from the other two and places it on the other side for counting.

5.4.2. MED: Talent looks at sample through microscope and counts cells.
5.5. Pellet the NIH 3t3 fibroblasts for island patterning and resuspend at 5,000,000 cells/mL in 5.0% PEG. Then, pellet the fibroblasts for exclusion patterning and resuspend at 375,000 cells/mL in 12.8% DEX. 
5.5.1. MED: Talent adds media to the HEPG2 C3A cells and resuspends them in the PEG media in a clearly labeled tube

5.5.2. MED: Talent adds media to the HEPG2 C3A cells and resuspends them in the DEX media in a clearly labeled tube.
5.6. Next, dispense 0.5 µL droplets of DEX cell suspension onto a dry 96-well plate and cover the DEX droplets gently with 200 µL of PEG cell suspension.  
5.6.1. MED: Talent removes lid on 96-well plate and dispenses drops the DEX/Cell suspension into a few of the wells of a 96-well plate, then 200 µL of PEG solution with cells into the same wells.

5.6.2. LABMEDIA: 4.3.ai (Video Editor: Inlay an animated form of the bottom row of 4.3.ai into a small corner of the video not occupied by anything important during shot 5.6.1. Start with an empty well, then add a droplet of the blue media with cells during with the word “dispense”.  With the word “Cover” add the pink liquid with the cells as if it radiates out from the blue spot.)

5.7. Then, transfer the plate into an incubator.  After 12 hours, remove the media and rinse 3 times with 200 µL of culture medium. Then, add 200 µL of fresh culture medium and return the plate to the incubator.
5.7.1. MED: Talent takes the plate from the tissue culture hood and slowly places it into the incubator and closes the door.
5.7.2. MED: Talent removes media from the plate.

5.7.3. CU: Talent adds fresh media to the plate.
5.8. Finally, monitor the co-cultures. Albumin staining intensity can be used to assess the beneficial effects of fibroblast co-culture. 
5.8.1. MED: Talent looks through bench top microscope at cells in the 96-well plate. 

5.8.2. LABMEDIA: Figure 4a, 4-day (Video Editor: Inlay the microscope image into part of the screen while the talent is looking through the microscope.)
6. Results: Cell Patterning with the Aqueous Two-phase System
6.1. The polymer concentrations required to form a variety of aqueous two-phase systems are described here by the binodal curves.  At concentrations above the binodal curve, the system forms two phases. Below the binodal curve, the solution is a transparent single phase.  
6.1.1. LABMEDIA: Figure 1a (Video Editor: With the word “above” highlight the area of the graph up and to the right of the curved lines and with the word “below” highlight the area below and to the left of the curve.)

6.2. Two-phase systems of at least twice the concentrations of those found on the binodal curve are sufficient for use in the aqueous two-phase systems described in this video.  The first example of their use is in exclusion patterning where small areas can be left void of cells. 

6.2.1. LABMEDIA: Figure 1b (Video Editor: Transition from Figure 1a to Figure 1b with the word “twice”)
6.2.2. LABMEDIA: Figure 2a-c (Format 1 only). (Video Editor: Remove Figure 1b and add the figures mentioned here on the left 1/3 of the screen.  Add the text above the graphics. The subsequent images, including format 2 and format 3, will be added in the next step.)(TEXT: Exclusion Patterned Mono-culture)
6.3. Island patterning creates the exact opposite of exclusion patterning, where small regions can be seeded with cells.  The combination of these two procedures can be utilized to form a unique co-culture where an island of cells can be surrounded another cell type.

6.3.1. LABMEDIA: Figure 2a-c (Formats 2&3) (Video Editor: Add format 2 to 6.2.2 at the start of 6.3, then add format 3 with the beginning of the 2nd sentence.)
6.4. As shown here, Hela cells plated using exclusion patterning will proliferate and migrate to fill the void over time.   The size of the void can be monitored to provide valuable insights into cell migration and growth under varying conditions. 
6.4.1. LABMEDIA: Figure 3a-c (Format 1 only). (Video Editor: Start by showing Figure 3a on the left side of the screen (TEXT: Day 1), add Figure 3b in the middle with the word “proliferate” (TEXT: Day 3).  With the start of the 2nd sentence, add the graph shown in Figure 3c.)
6.5. Island patterning, on the other hand, can be used to measure cell outgrowth.
6.5.1. LABMEDIA: Figure 3d-f (Format 2 only). (Video Editor: Show 3d on the left, 3e in the center, and 3f on the right.)

6.6. The combination of island and exclusion patterning produces well defined regions of co-culture.  Shown here are islands of hepatocytes surrounded by fibroblast cells. These colonies have been found to maintain their organization for at least 4 days in culture. 
6.6.1. LABMEDIA: Figure 4a (Video Editor: Highlight the areas with the hepatocytes and fibroblasts when mentioned. The fibroblasts are outside the dotted circle and the hepatocytes are inside the circles. Highlight the dotted circle marking the boundaries with the word “defined” in the second sentence. Show the day labels from the beginning.)

6.7. Using this system, multiple islands of cells can be grown on the same plate.  When grown as islands alone hepatocytes produced slightly less albumin then when grown in co-culture with fibroblasts. 
6.7.1. LABMEDIA: Figure 4b (Video Editor: Show this image in the center of the screen.)
6.7.2. LABMEDIA: Figure 4c (Video Editor: With the beginning of the second sentence, expand Figure 4c (monoculture) out from one of the “islands” on the plate and cover 4b so it is no longer visible.  Then shift it to the left with the mention of “albumin” and add the “co-culture” image on the right. Label the dishes with “monoculture” on the left and “co-culture” on the right.  Also label the cells as Hepatocytes for the dark stained cells and fibroblasts for the cells surrounding the island on the right image.)
7. Conclusion (said by authors on camera) 
7.1. Josh White: While attempting this procedure, it’s important to remember to use concentrations of polymers at 2 times the critical concentration to form two-phase solutions.

7.2. Josh White: After watching this video, you should have a good understanding of how to formulate an aqueous two-phase system and use it to pattern cells in defined geometries.
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