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A. Microscopy: Does your protocol require JoVE to film through your microscope?
B. Does your protocol include software usage? Y
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 from the protocol section below will viewers benefit most from having filmed?

2.4., 2.5., 2.8., 3.2., 3.4., 3.5. 
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.2., 3.5.
E. Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the significance of your method to the viewer. 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!)  

1.1. Jurjen Tel: Integrating this methodology in droplet-based microfluidics helps answer key questions related to the field of systems immunology by decoding cellular heterogeneity and communication between single cells or pathogens.
1.2. Jurjen Tel: The main advantage of this technique that we developed is that the tip-loading procedure ensures the efficient and loss-less encapsulation of rare cells in droplets closely matching the Poisson distribution. 
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Nikita Subedi: Visual demonstration of this method is critical for comprehending how to use pipette tips to load cells, to generate droplets, and to retrieve encapsulated cells from the droplets.  
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol: (read by voice talent at JoVE)
2. Loss-Less Cell Encapsulation
2.1. For tip-loading for aqueous droplet generation, first add 3 mL of surfactant to 2 mL of fluorinated oil [1-WIDE] and draw the oil phase mixture into a 2.5-mL syringe [2-MED].
2.1.1. Talent adding surfactant to oil, with surfactant and oil containers visible in frame

2.1.2. Talent drawing oil into syringe

2.2. Remove any air bubbles from the syringe [1-CU] and connect the syringe to a piece of Teflon tubing of an appropriate length [2-MED]. 
2.2.1. Air bubble(s) being removed
2.2.2. Talent connecting syringe to tubing
2.3. Load 2 sample syringes with an appropriate biocompatible mineral oil [1-CU] and connect the syringe to a second piece of Teflon tubing of an appropriate length [2-MED]. 
2.3.1. Biocompatible mineral oil being loaded into syringe, with biocompatible mineral oil container label visible in frame

2.3.2. Talent connecting syringe to tubing
2.4. Next, punch a 5-mm diameter polydimethylsiloxane, or PDMS, plug from a cured PDMS slab [1-MED-over the shoulder] and punch a 1-mm hole through the center of the plug [2-CU].
2.4.1. Talent punching out plug
2.4.2. Hole being punched
2.5. Insert the plug tightly into the top end of a 200-microliter pipette tip [1-ECU] and insert the tubing attached to the biocompatible mineral oil syringe into the plug [2-CU].
2.5.1. Plug being inserted into pipette tip/shot of plug in pipette tip

2.5.2. Tubing being inserted into plug
2.6. Depress the syringe plunger slowly to fill the pipette tip with mineral oil [1-MED], pushing out all of the residual air [2-CU].
2.6.1. Talent depressing syringe

2.6.2. Air being pushed out of tip/tip being filled with oil 
2.7. [1-MED]. Carefully place both sample syringes and the fluorinated oil syringe onto a syringe pump [2-CU].

2.7.1. Talent aspirating sample into tip of second sample syringe

2.7.2. Fluorinated syringe being loaded onto pump, with loaded sample syringes visible in frame
2.8. When all of the air has been removed, lower each pipette tip into the sample solution [1-MED] and aspirate about 100 microliters of cell sample into the tips [2-CU-TXT]. 
2.8.1. Talent lowering tips into sample solution

2.8.2. Sample being aspirated into tip (TEXT: See text for suggested cell sample preparation details)
2.9. Next, insert both of the sample-containing pipette tips into the two inner inlets of the PDMS chip [1-CU-TXT] and insert the tube containing the oil phase mixture into the outer inlet [2-CU].
2.9.1. At least one tip being inserted (TEXT: See text for PDMS device preparation details)
2.9.2. Tube being inserted
2.10. Set the flow rates on the syringe pump as indicated [1-MED-TXT] and enter and set the dimensions of each syringe [2-CU].

2.10.1.  Talent setting flow rate(s) (TEXT: Continuous phase solution: 600 microliters/h, cell samples: 100 microliters/h) (Author Comment: Filename: Screenrecording_2.10.1) (Author Comment: In the video frame, until 00:18 you will see the part for the flow rate adjustments and the rest of the video is about setting the syringe dimensions.) (Editor: The author left this comment for both 2.10.1 and 2.10.2. I’m not sure if this comment applies to both shots, or just one)
2.10.2.  Syringe dimensions being set (Author Comment: Filename: Screenrecording_2.10.2)
2.11. Start the pump to flush the sample solution through the inner channels of the device [1-MED] and the oil phase through the outer channel of the device [2-CU].
2.11.1.  Talent starting pump (Author Comment: Filename: Screenrecording_2.11.1)
2.11.2.  Oil and/or sample being flushed through device  (Author Comment: Filename: Screenrecording_2.11.2)
2.12. Then plug a piece of tubing of an appropriate length into the outlet to begin collecting the droplets when the droplet formation is stable [1-MED], collecting the droplets in a lock tube [2-CU].
2.12.1.  Talent inserting tubing

2.12.2.  Droplet(s) being collected

2.13. When all of the droplets have been collected, add 200 microliters of RPMI medium without serum on top of the droplets [1-MED] and incubate the sample with a hole on the lid of the lock tube for the appropriate experimental time period [2-CU].
2.13.1.  Talent adding medium to tube

2.13.2.  Tube being placed into incubator 

3. Emulsion Breaking and Cell Retrieval for Flow Cytometric Analysis

3.1. For emulsion breaking, first add 2 mL of PFO to 8 mL of fluorinated oil [1-WIDE-TXT] and use a syringe to remove the excess oil from the bottom of the droplet collection tube [2-CU].

3.1.1. Talent adding PFO to oil (TEXT: PFO = 1H,1H,2H,2H-Perfluoro-1-octanol)

3.1.2. Oil being aspirated

3.2. Then add 100 microliters of 20% PFO solution to the emulsion to release the encapsulated cells into the aqueous phase [1-MED] and tap the tube briefly to mix [2-CU-TXT].
3.2.1. Talent adding PFO to emulsion

3.2.2. Tube being tapped (TEXT: Do not vortex)
3.3. Nikita Subedi: “Do not forget that PFO can be harmful to the cells and therefore, the contact with PFO should be kept to a minimum.”
3.3.1. Nikita Subedi, speaking the above interview style (looking just off-camera)
3.4. After 1-2 minutes, spin the solution at the lowest possible relative centrifugal force for 30 seconds [1-MED] and immediately transfer 550 microliters of the aqueous fraction into a new lock tube containing 500 microliters of cold PBS supplemented with 2% fetal calf serum, or FCS [2-CU].
3.4.1. Talent adding tube(s) to centrifuge

3.4.2. Aqueous fraction being added to tube, with PBS + FBS container label visible in frame
3.5. Let any residual oil sink to the bottom of the new lock tube [1-MED] and carefully transfer 950 microliters of the cell-containing aqueous phase to a new lock tube [2-CU].
3.5.1. Talent placing tube into rack to allow oil to settle
3.5.2. Aqueous phase being collected, with new lock tube visible in frame

3.6. Nikita Subedi: “Make sure that oil is not transferred with the aqueous phase into the new lock tube.” [1-MED-interivew style]
3.6.1. Nikita Subedi, speaking the above interview style (looking just off-camera)
3.7. Then collect the cells by centrifugation [1-MED-TXT] and resuspend the pellet in 300 microliters of fresh cold PBS supplemented with 2% FCS [2-CU].

3.7.1. Talent adding tube(s) to centrifuge (TEXT: 10 min, 1500 rpm, room temperature)

3.7.2. Shot of pellet if visible, then PBS + FCS being added to tube, with PBS + FCS container label visible in frame
4. Results: Representative Cell Encapsulation in Droplets
4.1. Using the tip-loading approach as just demonstrated [1-LM], Jurkat T cell encapsulation rates [2-LM] coincident with the statistically predicted values can be obtained [3-LM].

4.1.1. Figure1.psd: no animation

4.1.2. Figure2.psd: Video Editor: please emphasize all 4 data lines

4.1.3. Figure2.psd: Video Editor: please emphasize all 4 data points at 1 number of cells per droplet

4.2. Remarkably, even with adherent cells like tumor cells, which tend to clump [1-LM], or rare cells, such as plasmacytoid dendritic cells, an improved encapsulation efficiency is observed [2-LM].

4.2.1. Figure3.psd: Video Editor: please emphasize data line and 1 number of cells per droplet data point 

4.2.2. Figure4.psd: please emphasize all three data lines and all three 1 number of cells per droplet data points
4.3. During this representative encapsulation, the droplets were generated using ultra-low gelling temperature agarose and gelled after production to form agarose hydrogel beads that allowed subsequent downstream analysis [1-LM] via microscopy and flow cytometry [3-LM].
4.3.1. Figure5.psd: no animation

4.3.2. Figure6.psd: no animation
4.4. Microscopic analysis revealed that cell pairing was achieved at different combinations, indicative of high throughput cell pairing [1-LM] and analysis of the same population of hydrogel beads by flow cytometry revealed that beads without cells [2-LM] could be separated from the beads with cells based on their distinct forward and sideward scatter patterns [3-LM].
4.4.1. Figure5.psd: Video Editor: please emphasize some droplets with green or red staining

4.4.2. Figure6.psd: Video Editor: please emphasize round “Beads without cells” gate in FSC vs SSC graph

4.4.3. Figure6.psd: Video Editor: please emphasize round “Beads with cells” gate in FSC vs SSC graph

4.5. Indeed, gating on the population of beads without cells confirmed a lack of cell encapsulation by the absence of fluorescent signals [1-LM], while gating on the bead population with cells revealed the existence of multiple sub-populations, indicative of the encapsulation of differently-labeled Jurkat T cells [2-LM].
4.5.1. Figure6.psd: Video Editor: please emphasize arrow from gate for Beads without cells and bottom left quadrant of bottom left graph
4.5.2. Figure6.psd: Video Editor: please emphasize arrow from gate for Beads with cells and top middle, top right, middle middle, middle right, bottom middle, and bottom right quadrants of top right graph
5. Conclusion (said by authors on camera):
5.1. Nikita Subedi: While working with this method, it is important to note that the cell concentration is one of the limiting factors and must be optimized to ensure efficient cell encapsulation or cell pairing.
5.2. Nidhi Sinha: Following this procedure, not only can one or two cells be encapsulated in droplets with a high efficiency but also multiple cells or cell types can be encapsulated for a more accurate replication of cellular microenvironments. 
5.3. Nidhi Sinha: This technique will pave the way for researchers in the fields of immunology and related disciplines for the optimal utilization of scarce cell populations and their efficient encapsulation in droplets to study cellular behavior in a noise-free environment. 
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
Figure1.psd: Schematic representation of the tip-loading technique
Figure2.psd: Encapsulation efficiency of Jurkat T cells in droplets at different concentration

Figure3.psd: Encapsulation efficiency of adherent A549 cells in droplets 

Figure4.psd: Encapsulation efficiency of pDCs in droplets at different concentration

Figure5.psd: Microscopic overlay of paired Jurkat T cells in hydrogel droplets

Figure6.psd: Flow cytometric analysis of paired Jurkat T cells in hydrogel droplets 
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 in the email accompanying the finalized script.
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