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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  No  
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes, all set.
3. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? 2-3 minutes
 

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Sumana Sharma: The detection of cell surface interactions using currently available biochemical approaches still poses technical challenges. This protocol provides a genetic alternative using a genome-scale cell screening approach to identity the receptor-ligand interactions at the cell surface.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
1.2. Sumana Sharma: Unlike most other existing methods, this method makes no assumptions regarding the biology of the receptors and provides opportunities to identify the interactions mediated by a wide range of cell surface molecules.  

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL: 
1.3. Sumana Sharma: Cell surface molecules are directly accessible to drugs such as monoclonal antibodies, therefore, identification of interactions mediated by these molecules can have important therapeutic implications. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Sumana Sharma:  This method is generally applicable to researchers interested in exploring the cellular signaling and recognition processes in a wide range of biological contexts including neural and immunological interactions, as well as host-pathogen interactions. 

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.5. Sumana Sharma: The protocol requires a high-throughput cell sorting machine and Next-generation sequencing machines. Ensure that these facilities are available before starting the protocol. 

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Videographer: This statement is optional, feel free to skip it if you’re running out of time. 


Protocol

2. Quantification and Oligomerization of Monomeric Biotinylated Protein
2.1. Begin by making 8 serial dilutions of the biotinylated protein samples in a 96-well plate [1], ensuring that the final volume of each dilution is at least 200 microliters and that a tag only control is included [2]. Make a duplicate plate of the samples by removing 100 microliters from each well and transferring it into a new 96 well plate [3].
2.1.1. WIDE: Establishing shot of talent at the lab bench making serial dilutions
2.1.2. Talent filling a well on the plate with serial dilutions. (Control only protein is seen as a tube with red dot on the lid).
2.1.3. Talent transferring 100 microliters from the dilutions plate to the duplicate plate.  
2.2. Include a tag-only protein control that will be used as a control probe in all binding assays [1]. Add 100 microliters of 0.1 microgram per milliliter streptavidin-PE to the wells in one of the plates [2] and 100 microliters of dilution buffer to the wells of the other plate [3]. 
2.2.1. Talent adding a tag-only control to the plates. 
2.2.2. Talent adding streptavidin-PE to a few wells in one of the plates, with the streptavidin-PE container in the shot and labeled. 
2.2.3. Talent adding dilution buffer to a few wells in the other plate, with the buffer container in the shot. 
2.3. Incubate the plate for 20 minutes at room temperature [1]. Meanwhile, block the wells of a streptavidin-coated plate with the dilution buffer for 15 minutes [2]. After washing the plate, make sure that it is dry [2B], then transfer the total volume of the sample from both plates to individual wells of the streptavidin-coated plate and incubate it for 1 hour at room temperature [3]. Videographer: This step is important!
2.3.1. Plate incubating at room temperature. 
2.3.2. Talent adding dilution buffer to wells on a streptavidin-coated plate, with the buffer container in the shot. 
2.3.3. Added shot: Talent removing the dilution buffer by tapping the plate on a surface with tissues. NOTE: The shots is slated as 2.3.2B. Also, I adjusted the VO based on the videographer’s notes.
2.3.4. Talent adding transferring samples to the streptavidin-coated plate.
2.4. After the incubation, wash the plate 3 times with 200 microliters of wash buffer [1], add 100 microliters of mouse anti-rat Cd4d3+4 IgG (pronounce ‘C-D-4-domain-3-and-4-I-G-G’) [2-TXT], and incubate the plate for another hour [3]. Videographer: This step is important!
2.4.1. Talent washing the plate, with the wash buffer container in the shot. Videographer: Obtain multiple usable takes of this shot because it will be reused in 2.5.2. 
2.4.2. Talent adding antibodies to a few wells. TEXT: 2 μg/mL mouse anti-rat Cd4d3+4 IgG
2.4.3. Talent putting the plate in the incubator. 
2.5. Repeat the washes, add 100 microliters of an anti-mouse alkaline phosphatase conjugate, and leave the plate at room temperature for an hour [1-TXT]. Then, wash the wells 3 times with wash buffer [3] and once with dilution buffer [3].  
2.5.1. Talent adding anti-mouse alkaline phosphatase conjugate to wells on the plate. TEXT: 0.2 μg/mL anti-mouse alkaline phosphatase conjugate NOTE: Videographer thinks this should be moved to after 2.5.2, but authors didn’t leave a note about this, so I would just leave it as is.
2.5.2. Use 2.4.1. NOTE: This shot and the shot after were shot together, so don’t reuse.
2.5.3. Talent washing the plate with dilution buffer, with the buffer container in the shot.
2.6. Prepare p-nitrophenyl phosphate at 1 milligram per milliliter in diethanolamine buffer and add 100 microliters to each well [1]. After a 15-minute incubation, measure the absorbance of each well at 405 nanometers [2]. Use the minimum dilution at which there is no signal on the plate as the appropriate dilution factor to create tetramers [3]. Videographer: This step is important!
2.6.1. Talent adding p-nitrophenyl phosphate to the wells, with the p-nitrophenyl phosphate tube in the shot and clearly labeled. 
2.6.2. Talent using the spectrophotometer. 
2.6.3. LAB MEDIA: Figure 2. Video Editor: Emphasize the pink data point enclosed by the black circle. 
2.7. Incubate streptavidin-PE and the appropriate biotinylated protein dilution for 30 minutes at room temperature [1-TXT], then store conjugated proteins in a light-protected tube at 4 degrees Celsius until further use [2].
2.7.1. Talent mixing the streptavidin and protein in a tube. TEXT: 4 μg/mL streptavidin-PE
2.7.2. Talent putting the tube in the refrigerator and closing the door. 
3. Genetic Screening for Cell Surface Binding
3.1.  [1] [2], [3].
3.1.1. Talent taking a tube out of the centrifuge with the cells pelleted at the bottom. 
3.1.2. Talent resuspending cells in PBS. 
3.1.3. Talent dividing cells into 2 tubes. 
NOTE: The samples were already in two equal halves. The flask from which the samples were taken is on sight. 
3.2. Spin the conical tubes with the treated and control samples at 200 x g for 5 minutes [1], remove the supernatant [2], and freeze one of the tubes at -20 degrees Celsius for later use [3-TXT].
3.2.1. Talent putting the tubes in the centrifuge and closing the lid. 
3.2.2. Talent removing supernatant from one tube. 
3.2.3. Talent putting a tube in the freezer. TEXT: Control Population  
3.3. Resuspend the pellet in the other tube in 10 milliliters of PBS with 1% BSA [1] and set aside 100 microliters of cells as a negative control on a 96-well plate [2]. Then, add the pre-conjugated recombinant protein to the cell suspension in the conical tube and in the 96-well plate [3].
3.3.1. Talent resuspending the cells in the tube. 
3.3.2. Talent transferring 100μL of cells to a well in a plate. 
3.3.3. Talent adding the recombinant protein to the tube. 
3.4. Perform cell staining for at least 1 hour at 4 degrees Celsius on a benchtop rotor with gentle rotation [1], then pellet the cells at 200 x g for 5 minutes and remove the supernatant [2]. After washing the cells twice, resuspend them in 5 milliliters of PBS [3].
3.4.1. Tube and plate with cells on the rotor. 
3.4.2. Talent removing the supernatant from pelleted cells. 
3.4.3. Talent resuspending the cells in PBS, with the PBS container in the shot.  
3.5. Strain the cells through a 30-micrometer strainer to remove cell clusters [1], then analyze them with a flow sorter [2-TXT]. Use the negative control sample to gate for BFP-positive and PE-negative cells, then sort the sample and collect 500,000 to 1 million BFP-positive and PE-negative cells into a 1.5-milliliter centrifugation tube [3]. Videographer: This step is important and difficult!
3.5.1. Talent straining the cells through the strainer. 
3.5.2. Talent bringing the cells to the flow sorter and giving them to Sam Thompson- who runs the core cytometry facility. NOTE: Introduce Sam Thompson with a text overlay here.
3.5.3. Sam Thompson using the sorter and talent discussing the population to sort. 
3.6. The sort gates will depend on the binding of the cells to the protein, but normally 1 to 5% of the PE negative samples are collected [1]. Pellet the sorted cells by centrifuging at 500 x g for 5 minutes [2], then carefully remove the supernatant [3]. The pellet can be stored at -20 degrees Celsius for up to 6 months [4]. Videographer: This step is important!
3.6.1. LAB MEDIA: Supplementary figure 1. Video Editor: Emphasize the sorted population enclosed with the red square. 
3.6.2. Talent putting the cells in the centrifuge and closing the lid. 
3.6.3. Talent removing the supernatant from the cells. Vid NOTE: No slate
3.6.4. Talent putting the tube with the cells in the freezer and closing the door.

4. Bioinformatics Analysis to Identify the Receptor and Related Pathways
4.1. Use the count function of MAGeCK (pronounce ‘magic’) to map sequences from the sorted and unsorted population to the reference library, which will yield a raw count file [1]. Run the test function of MAGeCK, using raw counts from the unsorted control sample as control and the counts from the sorted sample as treatment [2]. Video Editor: This step is important!
4.1.1. SCREEN: 60803-11.1.mp4
4.1.2. SCREEN: 60803_11_3_reshoot.mp4. 0:00 – 0:45. Video Editor: Emphasize the code being typed into the terminal window and speed this up as needed.   
4.2. Open the generated gene summary file and rank the pos-rank column in ascending order [1]. Then, identify hits with a false discovery rate of less than 0.05. The receptor is usually ranked highly, often in the first position [2]. Video Editor: This step is important!
4.2.1. SCREEN: 60803-11.4.mp4. 0:00 – 0:20. 
4.2.2. SCREEN: 60803-11.4.mp4. 0:20 – end. 
4.3. Finally, use R or an equivalent software to plot the Robust-Ranking-Algorithm scores for positive selection [1]. 
4.3.1. SCREEN: 60803-11.5.mp4. 



Results
5. Results: Genetic Screens for the Identification of Cell Surface Binding Partners 
5.1. Genome-scale knockout screens for the identification of the binding partner of human TNFSF9 and P. falciparum (pronounce like this) RH5 were performed in NCI-SNU-1 and HEK293 (pronounce ‘hek-2-9-3’) cells, respectively [1]. 
5.1.1. LAB MEDIA: Supplementary Table 1. Video Editor: Scroll through the table as VO speaks. 
5.2. The binding behavior of RH5 was affected by both heparan sulphate and its known receptor BSG [1], whereas TNFRSF9 did not lose binding to its known receptor TNFSF9 upon preincubation with soluble heparin [2]. 
5.2.1. LAB MEDIA: Figure 3 C. 
5.2.2. LAB MEDIA: Figure 3 B. Video Editor: Emphasize the Protein 3 plot.  
5.3. The gRNA distribution in the control mutant library revealed that the library complexity was maintained throughout the course of the experiment [1]. 
5.3.1. LAB MEDIA: Figure 5 A.
5.4. The technical quality of the screens was assessed by examining the distribution of observed fold-changes of gRNAs [1] targeting a reference set of nonessential genes [2] compared to the distribution for a reference set of essential genes [3].
5.4.1. LAB MEDIA: Figure 5 B. 
5.4.2. LAB MEDIA: Figure 5 B. Video Editor: Emphasize the black curves. 
5.4.3. LAB MEDIA: Figure 5 B. Video Editor: Emphasize the red curves. 
5.5. In addition, pathway-level enrichment revealed that expected essential pathways were identified and significantly enriched in the drop-out population when comparing the control sample to the original plasmid library [1].
5.5.1. LAB MEDIA: Figure 5 C. 
5.6. The Robust Rank Algorithm, or RRA, score provides a measure of which gRNAs are consistently ranked higher than expected [1]. In the screen for TNFRSF9, the top hit was TNFSF9, which is a known binding partner [2].
5.6.1. LAB MEDIA: Figure 5 D. 
5.6.2. LAB MEDIA: Figure 5 D. Video Editor: Emphasize TNFSF9 on the plot (large black dot). 
5.7. In addition, a number of genes related to the TP53 pathway were also identified. In the case of RH5 [1], in addition to the known receptor [2] and the gene required for the production of the sulfated GAGs [3], the SLC16A1 gene was also identified [4].
5.7.1. LAB MEDIA: Figure 5 E. 
5.7.2. LAB MEDIA: Figure 5 E. Video Editor: Emphasize the BSG dot on the plot (black, upper left). 
5.7.3. LAB MEDIA: Figure 5 E. Video Editor: Emphasize the SLC35B2 dot on the plot (red, under BSG).
5.7.4. LAB MEDIA: Figure 5 E. Video Editor: Emphasize the SLC16A1 dot on the plot (pink).





Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Sumana Sharma: The screening approach is usually very robust and the directly interacting receptor should be highly ranked on the list of genes enriched in the sorted population.  

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.2.2. 

6.2. Sumana Sharma: It is crucial to validate the hits obtained from the screen. If the interaction is mediated by proteins, biochemical approaches designed to study binary protein-protein interactions, for example, could be used for further validation studies. 

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

6.3. Sumana Sharma: Because of the unbiased-genome-scale nature of this approach, we anticipate that it will aid in exploring the interactions mediated by difficult to study cell molecules such as lipids, multipass-membrane proteins, and glycans. It may also reveal novel pathways required for receptor trafficking and biology.

6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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