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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No. We have used an inverted microscope and digital camera to acquire images.
Can you record movies/images using your own microscope camera? (Y/N) Yes. We are using digital camera (Amscope).
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: Microscope: VistaVision Inverted microscope (VWR)
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) No. We are not using any software with protocol/steps description. We have used Toupview Software to capture image.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.1, 2.2, 2.3, 2.4
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) None of the steps is particularly difficult to perform.
E.  Will the filming need to take place in multiple locations? (Y/N) No. If yes, how far apart are the locations? All of the experimental steps are performed in a single cell culture room, except for the incubation of the cells, which is done inside the lab. However, we are not filming the incubation. One potential concern is that we share this cell culture room with another lab. Once the date of filming is finalized we can talk to the other lab to see whether they can arrange their experiments in a way that we have the room to ourselves when during the filming process. If part of the filming needs to be performed in my office, it’s about 15-20 meters away from the cell culture room on the same floor.

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this aggregation assay is to assess the binding of Notch receptor with trans-ligands and its inhibition by cis-ligands. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Ashutosh Pandey: This method can help answer key question about how a given genetic or pharmacological factor affects the binding between Notch receptor and ligands to alter the signaling. 
1.2. Ashutosh Pandey: The main advantage of this technique is that _it allows to evaluate the trans-and cis-binding of Notch with ligands distinctly and without involving the overlapping contribution of endogenous components. 

Protocol: (read by voice talent at JoVE)
[bookmark: _Hlk492890489]2. Assessment of Binding between Notch Receptor and trans-ligands
2.1. Begin the assessment by spinning down signal-receiving cells [2.1.1.a] and resuspending them in Schneider’s medium [1-MED/WIDE-TXT]. Count the cells manually using a hemocytometer [2-MED]. Plate 5 x 105 S2 and stable S2-Notch cells in each well of a 6-well plate in 1 mL/well of Schneider’s medium [3-CU-TXT].
2.1.1. Talent gathers cells by spinning them down and resuspending in Schneider’s medium, TEXT: See accompanying text protocol for detailed guidance 
2.1.1.a Added shot: Add tube to centrifuge
2.1.2. Over the shoulder, Talent manually counts cells using a places slide in hemocytometer 
2.1.3. Talent adds cells to 6-well plate, TEXT: All Schneider’s medium supplemented with 10% FBS, 100 U/mL Penicillin-Streptomycin
2.2. [bookmark: _Hlk492890517]Next, add 7.5 µg of dsRNA to each well [1-MED] and incubate the cells at 25 °C for 24 h. [2.2.1.a] Add 0.7 mM of CuSO4 [pronounced copper sulfate] to induce the expression of Notch [2-MED] and incubate the cells at 25 °C for 3 days [2.2.2.a].
2.2.1. Talent adds dsRNA to wells and places plate in incubator Shot split in 2
2.2.1.a Added shot: Talent places plate in incubator
2.2.2. Talent adds copper sulfate and places cells in incubator
2.2.2.a Added shot: Talent places cells in incubator Use shot 2.2.1.a
2.3. After incubation count the signal-sending cells manually using a hemocytometer…and plate 5 x 106 stable cells in each well of a 6-well plate in 1 mL/well of supplemented Schneider’s medium [1-MED-TXT]. 
2.3.1. Talent manually counts cells using a reads results from hemocytometer and adds cells to plate, TEXT: Either S2-Delta or S2-Serrate Tom cells Use 2.1.1.-2.2.2.
2.3.2. Added shot: add cells to plate (no label so shot can be reused)
2.4. Then add 0.7 mM of CuSO4 to induce the expression of ligands and incubate the cells at 25 °C for 3 h [1-MED]. 
2.4.1. Side view, talent adds copper sulfate Split shot in 2 Use 2.2.2.
2.4.1.a. Added shot: Talent places plate in incubator Use 2.2.1.a
3. Aggregation between Signal-sending and Signal-receiving Cells
3.1. Harvest the dsRNA-treated S2, control, and S2-Notch cells by gentle pipetting and plate 2.5 x 105 cells/well in a 24-well plate [1-CU-TXT]. Add 5 x 105 stable S2-Delta or S2-SerrateTom cells to a total volume of 200 µL of supplemented Schneider’s medium [2-MED].
3.1.1. Talent pipettes the cells up and down and plates the cells, TEXT: Count cells manually by hemocytometer before plating
3.1.1.a Added shot: Use 2.1.1.-2.2.1.
3.1.2. Talent adds cells to Schneider’s medium 
3.2. Place the plate on an orbital shaker at 150 rpm [1-MED]. After 1 min, mix the contents of each well…and take 20 µL out to count the number of aggregates [2-CU]. Simultaneously take a representative image under inverted compound microscope using 10x magnification [3-MED]. To visualize the cells, set the camera on the microscope and connect with the software to acquire the image. [3.2.3.a]
3.2.1. Over the shoulder, talent places plate on orbital shaker and sets rpm, if possible capture the setting of the shaker 
3.2.2. Focus on the cells as talent mixes the contents then removes a small amount to count the cells 
3.2.3. Over the shoulder, talent sits at microscope and visualizes cells 
3.2.3.a Step added: To be provide by the author To visualize the cells, Talent sets camera on microscope and connects with “Toupview” software to acquire the image.
3.3. Manually count the aggregates using a hemocytometer [1-CU]. Place the plate on a shaker [2-MED]. Repeat the image acquisition and counting after 5 min and 15 min of aggregation [3-MED].
3.3.1. Talent manually counts aggregates using a places slide in hemocytometer Use 2.1.2
3.3.2. Over the shoulder, talent places plate on shaker Use 3.2.1 then 3.3.2
3.3.3. Talent sits at microscope and acquires images Use 3.2.2 then 3.2.3. a
3.4. Perform trans-binding quantification by calculating the number of aggregates per mL between S2 cells and S2-Delta or S2-SerrateTom cells as a background control and the number of aggregates per mL between S2-Notch and S2-Delta or S2-SerrateTom cells [1-MED].
3.4.1. Over the shoulder, talent makes calculations and points out background control and aggregates per mL between S2-Notch and S2-Delta cells. Screenshot
4. Evaluation of Inhibition of Binding between Notch and trans-ligands by cis-ligands
4.1. Prepare the signal-receiving cells by plating 5 x 105 S2 cells in each well of a 6-well plate in 1 mL/well of supplemented Schneider’s medium [1-MED]. Add 7.5 µg of dsRNA to each well and incubate the plate at 25 °C for 24 h [2-CU].
4.1.1. Talent adds cells to well of 6-well plate 
4.1.2. Talent adds dsRNA to each well 
4.2. After incubation, co-transfect the dsRNA-treated cells for a total DNA concentration of 2 µg/well using a commercial transfection reagent [1-MED-TXT].[4.2.2.]
4.2.1. Talent remove cells from incubator and sets them down next to reagents on bench, TEXT: pBluescript and pMT-Notch alone, or with pMT-Notch and pMT-Delta, or pMT-Serrate
4.2.2. Added shot: Talent transfects S2 cells
4.3. Incubate the transiently-transfected S2 cells at 25 °C for 24 h [1-MED]. The next day, add 0.7 mM CuSO4 to induce the expression of Notch and the ligands and incubate at 25 °C for 3 days [2-MED].
4.3.1. Talent places plate in incubator and shuts the door Use 2.2.1.a
4.3.2. Over the shoulder, talent adds copper sulfate to cells Use 2.2.2.
4.4. Prepare signal-sending cells as described in the previous section [1-MED]. And finally, perform aggregation between signal-sending and signal-receiving cells as described previously [2-MED/WIDE].
4.4.1. Talent goes through same actions as in 2.1 and 2.2 
4.4.2. Talent goes through motions as in section 3 Screenshot
5. Results: Faithful Analysis of Notch Signaling  
5.1. A sharp increase was observed in the number of aggregates between 1 and 5 min then the number of aggregates continued to increase until 30 min at a slower rate [1-LM].
5.1.1. Figure 3. When “sharp increase” is said box the 1-5 minute region on the graph of the red graph and trace the line with a thicker red line when “continued to increase” is said. 
5.2. Images show the aggregation at three-time points demonstrate that EGFP dsRNA-treated S2-Notch cells formed aggregates with S2-Delta cells, which increase in number with time [1-LM]. In contrast, shams dsRNA-treated S2-Notch cells formed aggregates faster, and the aggregates were bigger and greater in number indicating that decreasing Shams levels enhance the trans-binding of Notch with Delta [2-LM]. 
5.2.1. Figure 4A. Show the different rows with all text from top to bottom as soon as the voice over begins, row by row. When “S2-Delta cells” is said box the text in the title 
5.2.2. Figure 4B. Fade in Figure 4B beside 4AWhen “shams dsRNA-treated…” is said box the column under + shams for a beat.
5.3. Transfecting equal amounts of Notch- and Delta-expression constructs into S2 cells dramatically decreases the number of aggregates formed between these cells and S2-Delta cells [1-LM]. Moreover, decreasing the amount of cis-Delta results in an increase in the number of aggregates, indicating that in the range of Notch/cis-Delta ratios used in these assays, cis-Delta can inhibit the binding between Notch and trans-Delta in a dosage-dependent manner [2-LM].  
5.3.1. Figure 5A. Fade in the figure with all text. After a beat, highlight the bar in the middle (above 1, 1). 
5.3.2. Figure 5A. Remove the highlighting from 5.3.1. and add a trend line above the bars to the right of 1,1 above the bars when “resulted in an increase” is said 
5.4. Quantification of relative aggregation showed a comparable inhibition of aggregation upon EGFP and shams dsRNA treatment [1-LM]. 
5.4.1. Figure 6B. Fade in the entire figure with all text. When “inhibition” is said box the bars (above 1,1)

6. Conclusion (said by authors on camera)
6.1. Ashutosh Pandey: Once all reagents are prepared, this assay is straightforward and can be executed in a few hours.
[bookmark: _GoBack]
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.
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