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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N  

Can you record movies/images using your own microscope camera? (Y/N) N/A  

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: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Y 

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.) 2.4, 2.5, 2.7, 3.5, 4.6
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.) 2.5: gently trypsination and pipetting to minimize cell stress; 4.6: careful evaluation in data analysis using graphical interface (shown in screenshot capture)
E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations? ___________________________________________________

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. S. Chiantia: This method can help answer key questions in the cell-cell interaction field, such as which receptors mediate adhesion or recognition at cell-cell contacts and whether specific ligands trigger their interactions. 
1.2. S. Chiantia: The main advantage of this technique is that it allows one to investigate such interactions directly in single living cells, with no need for cell fixation or disruption.  

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. V. Dunsing: Though this method is used to investigate protein interactions between cultured cells, it can also be applied to other systems, such as model membrane vesicles or small model organisms.
1.4. V. Dunsing: Generally, individuals new to this method should check that their sample is stable enough to allow acquisition over a few minutes by carefully inspecting cell movement and slow signal variations. 
Protocol: (read by voice talent at JoVE)   
2. Sample Preparation: Cell-Cell Mixing Assay

2.1. First, seed an appropriate number of cells in at least 4 wells of a 6-well plate a day before transfection [1-MED-TXT]. Culture the cells at 37 degrees Celsius, 5 percent carbon dioxide in DMEM medium, supplemented with 10 percent FBS and 1 percent L-glutamine [2-MED-over the shoulder].
2.1.1. *Film as written. Show reagent container labels in frame if possible. TEXT: e.g. 800,000 HEK 293T cells. Video Editor: overlay should appear at mention of “an appropriate number of cells”. 
2.1.2. Talent places plate in incubator.
2.2. To perform a basic experiment, transfect plasmids for the protein of interest fused to a green or yellow fluorescent protein and a red fluorescent protein in separate wells [1-MED-TXT].
2.2.1. *Film as written. TEXT: e.g. mEGFP, mEYFP or mCherry, mCardinal. Video Editor: overlay should appear at mention of “a green yellow fluorescent protein or a red fluorescent protein”.
2.3. After 4 hours, remove the growth medium and wash each well gently with 1 milliliter of PBS supplemented with magnesium and calcium, dropping PBS on the well edge to prevent detachment of the cells during washing [1-CU]. Then, remove the PBS [2-MED]. 
2.3.1. Plate as talent removes growth medium and adds PBS to each well.

2.3.2. Talent removes PBS from each well of the plate.
2.4. Add approximately 50 microliters of EDTA solution dropwise to each well to facilitate detachment of the cells [1-MED-over the shoulder]. After incubating at 37 degrees Celsius for 2 minutes, slowly shake the 6-well plate laterally to detach the cells [2-MED].  
2.4.1. Talent adds EDTA solution to each well of plate.

2.4.2. Talent removes the plate from the incubator and manually shakes it.
2.5. Next, add 950 microliters of growth medium to each well and resuspend the cells by pipetting a few times up and down, thereby detaching all cells from the well bottom [1-MED-over the shoulder]. Ensure that cells are resuspended properly and detached from each other by visually checking for the absence of large cell aggregates after resuspension [2-CU]. 
2.5.1. Talent adds growth medium to each well and pipettes cells in each well.

2.5.2. Plate as talent checks the cells in each well.
2.6. V.Dunsing: When mixing the transfected cells, use only a few drops of trypsin and gently resuspend the cells by pipetting to minimize cell stress.
2.6.1. Talent speaks toward the camera, interview style.   
2.7. Transfer the cell solution of one well to the corresponding well [1-MED-TXT]. Mix gently by pipetting a few times up and down [2-MED-over the shoulder]. Then, seed the mixed cells on a 35-millimeter glass bottom dish and culture the seeded cells at 37 degrees Celsius and 5 percent carbon dioxide for one day [3-MED-TXT].  
2.7.1. *Film as written. TEXT: Red (e.g. APLP1-mCardinal transfected) to green (e.g. APLP1-mEYFP).
2.7.2. Talent pipettes mixture in well.
2.7.3. Talent adds mixed cells to glass bottom dish and places dish in incubator. TEXT: 1 mL cell solution per dish, 1 mL growth medium. 
3. Scanning Fluorescence Cross-Correlation Spectroscopy (sFCCS): Acquisition

3.1. In the laser scanning confocal microscope software, set up the optical path. To avoid spectral cross-talk, select two separate tracks to excite and detect mEGFP (pronounced m-E-G-F-P) or mEYFP (pronounced m-E-Y-F-P) and mCherry or mCardinal sequentially and select switch tracks every line. For the detection, use appropriate filters for both channels [1-SCREEN].    
3.1.1. SCREEN: *To be submitted by Author. 58582_Chiantia_SCREEN_3.1.1. 
3.2. Place the dish containing the mixed cells on the sample holder [1-MED]. 
3.2.1. Talent places dish of cells on sample holder of microscope.

3.3. After waiting 10 minutes to ensure temperature equilibration and to reduce focus drift, focus on the cells using the transmission light in the Locate menu [1-SCREEN].
3.3.1. SCREEN: *To be submitted by Author. 58582_Chiantia_SCREEN_3.3.1. 
3.4. Search for a pair of red and green cells in contact with each other [1-SCREEN-TXT].  
3.4.1. SCREEN: *To be submitted by Author. 58582_Chiantia_SCREEN_3.4.1. TEXT: See text for positive cross-correlation and homo-dimer brightness control. 
3.5. Next, select a scan path perpendicular to cell-cell contact using the Crop button [1-SCREEN].  
3.5.1. SCREEN: *To be submitted by Author. 58582_Chiantia_SCREEN_3.5.1.
3.6. Zoom to achieve a pixel size of 50 to 200 nanometers and select Line in Scan Mode. Set Frame Size to 128 by 1 pixels [1-SCREEN].
3.6.1. SCREEN: *To be submitted by Author. 58582_Chiantia_SCREEN_3.6.1.
3.7. Set Scan speed to the maximum allowed value. Then, set Cycles to 100,000 to 500,000 [1-SCREEN]. 
3.7.1. SCREEN: *To be submitted by Author. 58582_Chiantia_SCREEN_3.7.1.
3.8. Following this, choose the appropriate laser powers. Set the detectors to Photon counting mode. Press Start Experiment to start the acquisition [1-SCREEN]. 
3.8.1. SCREEN: *To be submitted by Author. 58582_Chiantia_SCREEN_3.8.1.
4. Scanning Fluorescence Cross-Correlation Spectroscopy (sFCCS): Data Analysis
4.1. Export the raw data files to an RGB TIFF image in raw data format. This file will contain a kymograph with the green and red channel data, in the channel termed G and R of the image, respectively [1-SCREEN].  
4.1.1. SCREEN: *To be submitted by Author. 58582_Chiantia_SCREEN_4.1.1.
4.2. Next, import the TIFF file with the appropriate analysis software and proceed to perform the analysis [1-SCREEN].
4.2.1. SCREEN: *To be submitted by Author. 58582_Chiantia_SCREEN_4.2.1.
4.3. Align the lines by performing a segment-wise time average with blocks of 500 to 1000 lines. Determine the membrane position in each block. Then, shift all blocks to the same lateral position [1-SCREEN-TXT].  
4.3.1. SCREEN: *To be submitted by Author. 58582_Chiantia_SCREEN_4.3.1. TEXT: Process corrects for lateral displacement of cell-cell contact. Video Editor: overlay should appear during third sentence.
4.4. Sum up all aligned lines along the time axis and fit the average intensity profile using a Gaussian function. Define the pixels corresponding to the membrane as all pixels within plus or minus 2.5 sigma of the membrane position and sum up the intensity of these pixels in each line, obtaining a single fluorescence signal value for each time point [1-SCREEN-TXT]. 
4.4.1. SCREEN: *To be submitted by Author. 58582_Chiantia_SCREEN_4.4.1. TEXT: Gaussian plus sigmoid function for significant intracellular background. Video Editor: overlay should appear during first sentence.
4.5. If photobleaching is observed, apply a bleaching correction by fitting the membrane fluorescence time series with a double-exponential function and applying the appropriate correction formula [1-SCREEN-TXT].  

4.5.1. SCREEN: *To be submitted by Author. 58582_Chiantia_SCREEN_4.5.1. TEXT: See text for formula.  

4.6. Calculate the auto- and cross-correlation functions according to the appropriate equations. To improve the reliability of the analysis and avoid artefacts, perform the calculations for 10 to 20 equal segments of the total measurement. Inspect the fluorescence time series and correlation functions in each segment and remove clearly distorted segments. Finally, average all non-distorted segments [1-SCREEN-TXT]. 
4.6.1. SCREEN: *To be submitted by Author. 58582_Chiantia_SCREEN_4.6.1. TEXT: See text for equations. Video Editor: overlay should appear during first sentence.
4.7. V.Dunsing: When calculating the correlation functions, carefully inspect the intensity time series and correlation functions in each segment to avoid distortions due to, for instance, intracellular vesicles in the membrane periphery.      

5. Results: Investigation of Protein-Protein Interactions at Cell-Cell Contacts by sFCCS
5.1. An intensity image of HEK 293T cells expressing myristoylated-palmitoylated-mEYFP or -mCardinal is shown here [1-LM]. A relative cross-correlation close to zero was observed, while the auto-correlation functions show characteristic decay times of 10 to 20 milliseconds for the diffusion of myristoylated-palmitoylated-mEYFP and -mCardinal in the plasma membrane [2-LM].  
5.1.1. 58582fig2.jpg: Show figures A and C and highlight or emphasize figure A.

5.1.2. 58582fig2.jpg: Continue showing figures A and C and highlight or emphasize figure C. Highlight blue curve at mention of “a relative cross-correlation close to zero was observed”. Highlight green and red curves at mention of “the auto-correlation functions show characteristic decay times of 10 to 20 milliseconds for the diffusion of myristoylated-palmitoylated-mEYFP and -mCardinal in the plasma membrane”.
5.2. The cross-correlation functions of the sFCCs (pronounced s-F-C-C-s) measurements of HEK 293T cells expressing membrane-anchored hetero-dimer myristoylated-palmitoylated-mCardinal-mEYFP had positive amplitudes and showed similar decay times as the auto-correlation functions [1-LM]. 
5.2.1. 58582fig2.jpg: Show figure D. Highlight blue curve at mention of “the cross-correlation functions of the sFCCs measurements of HEK 293T cells expressing membrane-anchored hetero-dimer myristoylated-palmitoylated-mCardinal-mEYFP had positive amplitudes and showed similar decay times”. Highlight green and red curves at mention of “the auto-correlation functions”.
5.3. sFCCS measurements on cell-cell contacts between APLP1-mEYFP (pronounced A-P-L-P-one m-E-Y-F-P) and APLP1-mCardinal expressing cells, resulted in a positive relative cross-correlation of 0.45 [1-LM]. 
5.3.1. 58582fig3.jpg: Show figures A and C. Highlight or emphasize figure A at mention of “sFCCS measurements on cell-cell contacts between APLP1-mEYFP and APLP1-mCardinal expressing cells”. Highlight or emphasize figure C at mention of “resulted in a positive relative cross-correlation of 0.45”.
5.4. The sFCCS correlation functions obtained from measurements across APLP1 clusters at cell-cell contacts showed strongly reduced dynamics, as evident from large decay times and the oscillations at large lag times [1-LM]. 
5.4.1. 58582fig3.jpg: Show figure D and highlight solid lines.
5.5. Upon zinc ion addition, the molecular brightness significantly increased from small oligomers to larger multimers consisting of 10 to 50 monomers on each cell [1-LM]. 
5.5.1. 58582fig3.jpg: Show figure F and highlight APLP1 + Zn box plot.
5.6. Transient instabilities may result in a cross-correlation function having negative values or a high false-positive cross-correlation [1-LM]. The corresponding correlation functions typically deviate strongly from those of the majority of segments [2-LM]. 
5.6.1. 58582fig4.jpg: Show figures A and B. Emphasize figure A at mention of “transient instabilities”. Emphasize figure B and highlight segment 1 at mention of “a cross-correlation function having negative values”. Highlight segment 2 in figure B at mention of “a high false-positive cross-correlation”. 

5.6.2. 58582fig4.jpg: Show figures C and D.

5.7. As a complementary approach to sFCCS, cross-correlation number and brightness can be used to detect protein-protein interactions [1-LM].
5.7.1. 58582fig1.jpg: Show figure C. 

6. Conclusion (said by authors on camera)

6.1. V.Dunsing: While attempting this procedure, it’s important to remember that the mixing of transfected cells is a critical step. Gently mix the cells and optimize transfection efficiencies to increase the chance of finding healthy red and green cells in contact. 
6.2. S.Chiantia: Since its development, this technique is being used by researchers in the field of immunology to explore the interactions of signaling molecules in immunological synapses.

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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