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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.  
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) 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 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.) 2.5 ; 3.9 ; 4.2 ; 4.5 ; 5.2 ; 5.6.
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.) 3.3 After the 5 min incubation of cells with trypsin-EDTA, immediately add culture medium to avoid over-digestion and pipet carefully to reduce cell death;  4.3 Aspirate carefully the supernatant to avoid loss of cells during the different washes.
E.  Will the filming need to take place in multiple locations? (Y/N) Y. If yes, how far apart are the locations? 5-10 min by car.
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 method is to quantify the cell surface expression of membrane proteins using a fluorescence-based assay. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Parent Lucie: This method can help answer key questions in regard to the biogenesis, glycosylation, trafficking, and degradation of membrane proteins in physiological and pathological settings. 

1.2. Parent Lucie: The main advantage of this technique is that flow cytometry assays deliver quantifiable end-points on large samples of live cells in a single experiment. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. Lucie Parent Benoîte Bourdin: The implications of this technique extend toward the diagnosis and the therapy of cardiac ventricular arrhythmias because these pathologies are often associated with genetic mutations that cause defects in the trafficking of cardiac ion channels. 

Parent Lucie: Though this method can provide insight into cardiac ion channels biogenesis, it can also be applied to other membrane proteins (ion pumps and membrane transporters) in a wide range of channelopathies altering the transcription and the translation of the target protein. It is also plausible to express the same tagged-constructs in differentiated cells of cardiomyocyte lineage. 
1.4. Benoîte Bourdin Lucie Parent : Generally, individuals new to this technique will struggle to identify a suitable extracellular insertion site for the epitope that does not alter protein function and generates a strong fluorescent signal in the presence of the conjugated-antibody. Other critical steps are more technical in nature. They include the titration of the conjugated-antibody to ascertain the non-limiting concentration of conjugated-antibody, to set the necessary controls, and to avoid fluorescent photobleaching or cell death when preparing the test sample.
Parent Lucie: I/We first had the idea for this method, when I/we were looking to quantify changes in the cell surface expression of the cardiac calcium channel in the multi-system Timothy syndrome. Epitope tagging is widely used in the detection of membrane proteins and flow cytometry allows a reliable and fast quantification of tagged proteins on large intact non-permeabilized samples. 
Parent Lucie: Visual demonstration of this method is critical as the 3.3 and 4.3 steps are difficult to learn, because a new investigator could damage cells when flow cytometry assays require the cells to be analyzed alive. 
Note to Author: I have suggested a few statements which keep the introduction under the 150 word limit. If you’d like to choose another statement, please keep this limit in mind.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) 
1.5. ** Parent Lucie: Demonstrating the procedure will be Benoîte Bourdin, a research assistant from my laboratory. 

1.5.1. Interview style: Author saying the above 

1.5.2. 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. Liposome Mediated Transient Transfection

2.1. To begin, [1-MED Over the Shoulder] doubly tag DNA constructs with mCherry at the intracellular C-terminus.  Also, express an extracellular-facing hemagglutinin epitope, which can be measured using a fluorescence antibody to estimate the cell surface expression of membrane proteins. [2-SCREEN]
2.1.1. Talent at computer loading the appropriate software.
2.1.2. Screen capture video showing a representation of the doubly tag construct trafficking to the plasma membrane. (Authors: Submit as 2.1.2_54732_ Parent.mp4/mov to the server page for your article.)
2.2. Next, culture a plate of tsA-201cells using standard techniques until they reach 90% confluence.  [1-MED]
2.2.1. Talent places a plate of cells under a microscope and observes it through the optics.
2.3. For each sample, prepare the transfection reagents in two tubes. Prepare one 1.5 mL tube with 4 µg of DNA in 250 µL of reduced serum medium… [1-CU] and a second tube with 10 µL of the liposome-mediated transfection reagent and 250 µL of serum-reduced culture medium. [2-CU]
2.3.1. Talent sets out two tubes, then adds DNA and media to first tube.

2.3.2. Talent adds reagent and media to 2nd tube.

2.4. Gently mix the two tubes and incubate them for 5 min at room temperature. [1-CU] Then, gently combine the contents of tube 1 and tube 2 and incubate the liposome-DNA complexes for 20 minutes at room temperature. [2-CU]
2.4.1. Talent mixes the tubes and sets them back in a tube rack.
2.4.2. *Film as written. (Erin Note: Authors removed shot, but wanted to keep the associated narration. No videographer notes [yet] as to whether shot was actually filmed.)
2.5. Add the complexes to the cultured cells and gently rock the culture dish. [1-CU] Place the dish back at 37°C and under a 5% CO2 atmosphere for 24 hours. [2-MED]
2.5.1. *Film as written.
2.5.2. *Film as written.
3. Preparing Cell Samples for Staining

3.1. 24 hours after the addition of the transfection reagent [1-MED], remove the medium from the culture dish and carefully wash the cells with 400 µL of pre-warmed trypsin-EDTA. [2-CU-TXT]
3.1.1. Talent pulls plate from the incubator and places in the hood.

3.1.2. *Film as written. (TEXT: Trypsin-EDTA: 0.05% Trypsin in 1x EDTA)

3.2. Then, add 400 µL of trypsin-EDTA [1-CU] and incubate the dish for 5 min to allow cells to detach from the dish. [2-MED-TXT]
3.2.1. Talent adds trypsin-EDTA to the dish. 

3.2.2. Talent places dish in the incubator. (TEXT: 37 °C, 5% CO2, 5 min) 
3.3. Once detached, stop the enzyme digestion by adding 1 mL of cold culture medium without penicillin or streptomycin to the cells.  Gently pipette the medium over the plate 4 to 5 times to wash all the cells from the surface. [1-CU-TXT]
3.3.1. Talent adds media to the cells and pipettes it over the cells to detach them. (TEXT: Caution: Avoid over-digestion and over-pipetting to reduce cell death.)

3.4. Then, collect the cells in sterile 1.5 mL tubes and immediately place them on ice. [1-CU]
3.4.1. *Film as written
3.5. Benoîte Bourdin:  “For the next steps, use ice cold solutions and keep the cells at 4°C to prevent the internalization of surface antigens. Also, decrease the cell’s exposure to light in order to limit the photobleaching of the fluorescent signal.”[1-INT]
3.5.1. Interview style: Author saying the above 

3.6. Next, centrifuge the tubes to pellet the cells… [1-MED-TXT]  Then, carefully aspirate and discard the resulting supernatant. [2-CU]
3.6.1. Talent removes the tubes from the centrifuge incubator (TEXT: 400 x g, 5 min, 4 °C)
3.6.2. *Film as written
3.7. Re-suspend the pellet to prepare a single cell suspension using 1 mL of PBS.  Then, briefly vortex the tubes very gently. [1-CU] Pellet and resuspend the cells once more in order to completely remove the culture medium. [2-MED]
3.7.1. Talent resuspends the pellet then briefly vortexes the cells.
3.7.2. Talent places the tube back in the centrifuge and begins spin.
3.8. Next, re-suspend the cell pellet in 600 µL of PBS. [1-CU] Measure the cell concentration and adjust it to at least 3 million cells/mL. [2-CU]
3.8.1. *Film as written
3.8.2. Talent loads cell aliquot into hemocytometer.
3.9. Then, divide the cells into new 1.5 mL tubes. Be sure to include the appropriate controls to discriminate specific staining from non-specific staining, and for extracellular staining and also for intracellular staining. [1-CU]
3.9.1. Talent divides cells into multiple tubes that are labeled for each condition starting with extracellular, followed by intracellular, followed by controls.

3.10. Benoîte Bourdin: “The isotype control antibody will help to assess the level of background staining and should match the primary antibody’s host species, isotype and fluorophore. It is important to use the isotype control and conjugated antibody at the same concentration.” [1-INT]
3.10.1. Interview style: Author saying the above 

4. Extracellular Staining of Cell Samples 

4.1. To estimate the cell surface expression of membrane proteins, first label just the extracellular facing HA epitope using a fluorescently conjugated antibody. [1-CU-TXT] [2-CU]
4.1.1. Talent sets the antibody and cell suspension on ice. (TEXT: HA = Hemagglutinin)
4.1.2. Talent transfers 100 microliters of the cell suspension into a tube. 
4.2. Then, add a FITC-conjugated monoclonal anti-HA antibody at 5 µg/mL to the tube.  [1-CU] Vortex the cells briefly and then incubate them on a rocker platform in the dark. [2-MED-TXT]
4.2.1. *Film as written 
4.2.2. *Film as written (TEXT: 200 rpms, 4 °C, 45 min) 

4.3. Remove the cells from the dark and add 900 µL of PBS. [1-CU] Then, centrifuge the tube to pellet the cells [2-MED-TXT] and aspirate the supernatant. [3-CU]
4.3.1. *Film as written 
4.3.2. Talent removes the tube from the centrifuge. (TEXT: 400 x g, 4 °C, 5 min)  

4.3.3. Talent removes the supernatant.
4.4. Next, wash the cells by resuspending the pellet in 1 mL of PBS and briefly vortexing the cells. [1-CU] Then, repeat the centrifuge step to again pellet the cells.  Repeat this wash step a total of 3 times to remove any unbound antibody.  [2-MED-TXT]
4.4.1. *Film as written 
4.4.2. Talent places cells in the centrifuge and begins the spin. (TEXT: Repeat 3x)

4.5. After the final wash, resuspend the cells in 500 µL of PBS and transfer the single cell suspension to a 5 mL flow cytometry tube.  [1-CU] Keep the cells in the dark at 4°C until the sample is run. [2-MED]
4.5.1. *Film as written
4.5.2. Talent covers the sample in foil and sticks at 4°C

5. Intracellular Staining of Cell Samples 

5.1. To estimate the intracellular expression of total protein, next label the permeabilized cells. This is accomplished using a similar protocol to the extracellular labeling, but with the addition of a Saponin-based cell permeabilization buffer.  [1-MED]
5.1.1. Talent sets out the cell suspension, fixation solution, and antibody on ice and then labels a 1.5 mL tube which will be used in the next step.
5.2. [1-CU]  Pellet the cells, discard the supernatant, and resuspend the cells in 100 µL of fixation-permeabilization solution directly from the prepared stock. [2-CU-TXT]
5.2.1. *Film as written

5.2.2. Talent removes the supernatant and resuspends the cells in fixation solution. (TEXT: Centrifuge at 400 x g, 4 °C, 5 min)  (Video Editor: Show the text overlay at the beginning of this step until the supernatant is removed from the tube.)
5.3. Incubate the cells in the dark at 4°C for 20 minutes. [1-MED]  Then, add 100 µL of freshly prepared permeabilization-washing buffer and briefly vortex the cells.  [2-CU] Next, pellet the cells and wash them 2 more times using the permeabilization-washing buffer. [3-MED-TXT]
5.3.1. Talent places the cells at 4°C in the dark. 

5.3.2. *Film as written

5.3.3. Talent pulls tube from the centrifuge and holds the pellet up to the camera. (TEXT: 400 x g, 4 °C, 5 min) 

5.4. Then, add the FITC-conjugated monoclonal anti-HA antibody at 5 µg/mL in 100 µL of the permeabilization-washing buffer…  Briefly vortex the cells and [1-CU] incubate the cells in the dark at 4°C for 30 minutes. [2-MED]
5.4.1. Talent adds the antibody and briefly vortexes the cells

5.4.2. Talent places the cells at 4°C in the dark. 

5.5. Next, add 100 µL of the permeabilization-washing buffer. [1-CU] Pellet the cells and wash them three times in 100 µL of the same buffer as previously shown. [2-MED-TXT]
5.5.1. *Film as written

5.5.2. Talent resuspends the pellet in washing buffer. (TEXT: 400 x g, 4 °C, 5 min)  
5.6. After the final wash, resuspend the cells in 500 µL of PBS and transfer the single cell suspension into a 5 mL flow cytometry tube. [1-CU] Run the non-permeabilized and permeabilized cells through a flow cytometer on the same day. [2-MED-TXT]
5.6.1. *Film as written

5.6.2. Talent at the flow cytometer with rack begins to acquire flow cytometry data  place a  places the flow cytometry tubes in a rack and walks out of the room. (TEXT: See accompanying text protocol for FACS details)
6. Data Analysis
6.1. To begin, launch the flow cytometry analysis software [1-MED Over the Shoulder] and import the .fcs files created during flow cytometry. Click on the first sample and start the gating process in the plot of side scatter versus forward scatter. [2-SCREEN]
6.1.1. Talent at computer opening the analysis software.

6.1.2. Screen capture video showing the software opening and the file being loaded. (Authors: Submit as 6.1.2_54732_ Parent.mp4/mov to the server page for your article.)

6.2. Next, draw the P1 gate using the “ellipse icon” around the live cells to eliminate any debris, dead cells, or aggregates. [1-SCREEN]
6.2.1. Screen capture video showing the P1 gate being drawn. (Authors: Submit as 6.2.1_54732_ Parent.mp4/mov to the server page for your article.)
6.3. Then, draw the two-parameter contour plot of the mCherry versus the FITC fluorescence intensity. Set the P2 gate around the FITC and mCherry positive cells and the P3 gate around the fluorescence negative cell population. [1-SCREEN]
6.3.1. Screen capture video showing the P2 and P3 gates being drawn. (Authors: Submit as 6.3.1_54732_ Parent.mp4/mov to the server page for your article.)
6.4. Next, select the P2 and P3 gates and click on the “Add Statistics” icon in the original workspace window. Click on “Count” and then click on “Mean”.  [1-SCREEN-TXT]
6.4.1. Screen capture video showing the above step in the order listed. (Authors: Submit as 6.4.1_54732_ Parent.mp4/mov to the server page for your article.) (TEXT: Use “Mean” only if the intensity follows a normal distribution, otherwise use “Median”.)

6.5. Finally, apply the gates’ parameters and statistics to all samples probed by the cytometer. [1-SCREEN-TXT]
6.5.1. Screen capture video showing the above step occurring to a few other samples. (Authors: Submit as 6.5.1_54732_ Parent.mp4/mov to the server page for your article.) (TEXT: *See accompanying text protocol for details)

7. Results: Simultaneous Mutations of N-glycosylation Sites Disrupted Cell Surface Expression of CaVα2δ1
7.1. This protocol was used to characterize the role of N-glycosylation on total and cell surface expression of CaVα2δ1 (pronounced: Cav-alpha-2-delta-1) in tsA-201 cells.  To access the cell surface protein expression, HA was measured on non-permeabilized cells that had N-glycosylation sites disrupted at 4 sites, 16 sites, or no site. [1-LM]
7.1.1. Figure 6a (Video Editor: Highlight the middle row (4xNQ) of images with the words “4 locations” the bottom row (16xNQ) with the words “16 locations” and the top row (WT row) with the words “no locations”.)
7.2. The FITC levels were strong in the wild type and cells with N-glycosylation disrupted at 4 locations, but only background levels were found in the cells with 16 locations disrupted. [1-LM]
7.2.1. Figure 6a (Video Editor: Highlight the top 2 rows with the first half of the sentence and the bottom row with the 2nd half (separated by “but”).)
7.3. For the permeabilized cells, the FITC fluorescence increased for all conditions indicating that all transfected, HA-tagged CaVα2δ1 proteins were stained and detected by the anti-HA FITC antibody. [1-LM]
7.3.1. Figure 6ab  (Video Editor: Show the right columns only from Figure 6a-b.  Label the one from 6a as “Intact” and the one from 6b as “Permeabilized”. Highlight the right column (the one from 6b) starting with the word “FITC”)

7.4. In addition, the mCherry fluorescence levels were similar for permeabilized and non-permeabilized cells signifying that the permeabilization does not alter the relative mCherry signal. [1-LM]
7.4.1. Figure 6b  (Video Editor: Show the left columns only from Figure 6a-b.  Label the one from 6a as “Intact” and the one from 6b as “Permeabilized”. Highlight the right column (the one from 6b) starting with the word “mCherry”)

7.5. Assays conducted after cell permeabilization showed that total protein expression for the cells with 16 locations disrupted was also significantly decreased whether it was inferred from the FITC fluorescence in permeabilized cells, or from the constitutive mCherry fluorescence measured in non-permeabilized and in permeabilized cells. [1-LM]
7.5.1. Figure 6c-d (Video Editor: Highlight the 16xNQ columns with the words “cells with 16 locations disrupted”.  Highlight the right 16xNQ column in Figure 6c with the words “inferred from the FITC fluorescence in permeabilized cells” and both of the 16xNQ columns in Figure 6d with the words “or from the constitutive mCherry fluorescence measured in non-permeabilized and in permeabilized cells 
8. Conclusion (said by authors on camera) 
Lucie Parent: Once mastered, this technique can be done in 30 min on the first day of experimentation (transfection of cells) and 6 hours on the second day including cell staining, sample reading, and analysis for 40 tubes.

Lucie Parent: While attempting this procedure, it’s important to remember to use ice cold solutions, keep samples in dark after the addition of the conjugated antibody, and to preserve the integrity of cells all along the experiment. *already stated in interview
8.1. Lucie Parent Benoîte Bourdin: In addition to this procedure, electrophysiological recordings can be performed in order to correlate cell surface expression and function of ion channels.

8.2. Benoîte Bourdin LUCIE PARENT: This technique paves also the way for researchers in the medical field to explore the impact of genetic mutations, posttranslational modifications, microRNAs, small GTPases, as well as studying the role of chaperones in the trafficking of membrane proteins expressed in recombinant or native cells.

8.3. Lucie Parent: After watching this video, you should have a good understanding of how to perform DNA transfection in recombinant cells, to stain intact and permeabilized cells, as well as to perform data analysis on the samples.
8.4. Benoîte Bourdin: Don't forget that working with live cells requires precautions, such as working under a laminar flow hood for the transfection and wearing gloves when handling chemicals.
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.

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 are included in the email accompanying the finalized script.
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