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Author Questionnaire: 
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  Y
Can you record movies/images using your own microscope camera? (Y/N) Y 

2. Does your protocol include 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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 
2.1, 2.5, 4.1, 4.2, 4.10
4. 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.  
2.1
5. Will the filming need to take place in multiple locations? (Y/N)Y
If yes, how far apart are the locations?  The two different locations are in the same building, one in the lower floor (advance optic microscopy unit) and the other in the 4th floor.


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements:   

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. José Miguel Rodríguez Frade: New microscopy techniques require the development of adequate tools for the correct comprehension of the biological processes that are studied.  This protocol describes the image processing steps required for single-molecule tracking, including estimation of lateral diffusion parameters and quantification of spot size over its entire trajectory at the cell membrane.

What is the main advantage of this technique?

1.2. Carlos Oscar S. Sorzano: This protocol combines the use of several software pieces including ImageJ, Matlab, and U-track as well as some routines that have been developed ad-hoc specifically for this protocol.  This method is illustrated with the tracking of membrane receptors under light microscopy, but it can be applied to any particle-like structure whose trajectories can be tracked over time in a video sequence.


OPTIONAL Interview Statements:  

Are there any specific areas of research that this method could provide insight into?    

1.3. Eva M. García Cuesta: This technique relates to basic research and has no direct application in a clinical setting.  However it can be used to aid in the characterization of biological events involved in different diseases and therefore in the identification of new therapeutic targets. 
	
Can this method be applied to any other systems?

1.4. Mario Mellado: This protocol is relevant for the tracking of particles in cellular membranes, as shown in this video, but it can also be applied to the tracking of full cells, bacteria, nanoparticles in a fluid, or whichever other object whose center can be well determined. 

Do you have any advice to offer to somebody who is trying this technique for the first time?

1.5. Carlos Oscar S. Sorzano: This protocol is user friendly and only requires knowledge of cell culture and microscopy techniques.   

Why is visual demonstration of this method critical?

1.6. José Miguel Rodríguez Frade:  The different techniques and informatic tools employed in this protocol may intimidate a new user.  The visual demonstration helps one to use this techniques with confidence. 
 



Section - Protocol
2. Preparation of Biological Samples and Image Acquisition
2.1. To begin, grow Jurkat cells, transfect them with a monomeric GFP-labelled chemokine receptor vector, and select cells with low expression levels of the labeled vector as described in the accompanying text protocol.  [1]
2.1.1. MED: Talent places a vial of cells on ice and uncovers the microwell dishes that will be used in the next step
2.2. Next, plate the sorted cells on 35 mm glass-bottomed microwell dishes that have been coated with fibronectin. [1-TXT]
2.2.1. [bookmark: _GoBack]CU: Talent adds cells to the microwell dishes TEXT: Seeding Concentration: 2-3x105 cell/dish, Fibronectin Coating: 20 µg/mL, 1 h, 37 °C.  Author comment: Please replace text in 2.2. and corresponding shot 2.2.1 by text in 2.3 and corresponding shot 2.3.1.
2.3. Add media containing the CXCL-12 ligand, or control media to each dish [1-TXT] and incubate the cells for 20 minutes prior to imaging the cells. [2]
2.3.1. CU: Talent adds media to cells TEXT: CXCL12: 100 nM, 1 h, 37°C. Author comment: Please replace text in 2.3. and corresponding shot 2.3.1 by text in 2.2 and corresponding shot 2.2.1.  Do not change the order of shot 2.3.2.
2.3.2. MED: Talent places cells in the incubator 
2.4. Following incubation, transfer the first dish of cells to a TIRF microscope stage and turn to the 100x oil-immersion objective. [1] Locate and focus on the cells using bright field to minimize photobleaching effects. [2] Then, switch to TIRF mode and perform a fine focus adjustment using low laser intensity. [3-TXT]
2.4.1. MED: Talent places the plate of cells on the microscope stage and turns to the 100x objective.
2.4.2. MED: Talent looks through the eye pieces and focuses on the sample. 
2.4.3. SCREEN: To be provided by the authors – Screen capture video talent turns on TIRF mode and focuses on the sample.  Authors, please upload this screen capture to your project page. TEXT: Focus using 5% laser power, 28 µW
2.5. Acquire movies of approximately 50 seconds in length, minimizing the time interval between frames. [1-TXT]
2.5.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page. TEXT: Laser Power: 49% (2 mW), Exposure:  90 ms, Time Interval: 98 ms
3. Selection of Images and Creation of Masks
3.1. For each experimental condition video file create a new folder following the file structure directions described in this video’s text protocol. [1]
3.1.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
3.2. Open the video with Fiji or ImageJ by dragging and dropping the file on the Fiji menu bar and click on OK to import the .lif file using BioFormats. [1]
3.2.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
3.3. Next, create a mask by first creating a single image with the channels useful for the design of the mask.  Select Image in the bar menu and click Color followed by Split channels to show the different channels as separate images. [1]
3.3.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
3.4. Merge again the three channels in a single image by selecting Image in the bar menu, going to Color, and selecting Merge channels. Make sure to select the appropriate channels and then press OK to generate a new non-stacked image. [1]
3.4.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
3.5. Synchronize the two windows by going to the bar menu, selecting Analyze and then going to Tools and selecting Sync Windows.  A new window with the synchronize image possibilities will be shown. [1]
3.5.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
3.6. Now, with the two windows synchronized, the same region in both windows can be cropped. Go to Image in the bar menu and select Crop.  With the rectangular selection tool, draw the region of interest. The two cropped images will show individually. [1]
3.6.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
3.7. Next, unsynchronize both windows and then save the video as an Image sequence in the directory videoSeq. Select the multichannel image, go to Plugins in the menu and select Segmentation editor to open the Segmentation Editor plugin.  [1]
3.7.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
3.8. Choose the freehand selection tool and use it to select a green label and design the outermost mask. Once designed, press the + button in Selection option of Composite window, and the selected mask will be displayed on the viewer. Repeat this step for all labels. [1]
3.8.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
3.9. Once all of the masks are designed, save the mask with the same filename as the video, with the name mask.tif. [1]
3.9.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
4. Tracking Particles
4.1. Open Matlab and add the U-track directory to the path by going to Set Path and selecting Add With. Then, change the working directory to the directory containing the Series to be analyzed. [1]
4.1.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
4.2. Invoke U-track by typing movieSelectorGUI in the console and pressing enter. This will cause the Movie selection window will be opened. Press on the New movie button and wait for the Movie edition window to appear. [1]
4.2.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
4.3. Press on Add channel to choose the directory with the video and fill out the movie information parameters. Set the output directory for the results of U-track to Results.  Then, press on the Advanced channel settings, fill the parameters related to the acquisition, and save. [1]
4.3.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
4.4. After creating the movie, press on Continue in the movie selection window. Here, U-track will ask about the type of object to be analyzed. Choose Single-particles and then the Control panel window will appear. [1]
4.4.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
4.5. Next, select the first step Step 1: Detection and click on Setting. The Setting Gaussian Mixture-Model Fitting window will appear.  Enter the settings as shown here and then press apply. [1]
4.5.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
4.6. In the Control panel, click on Run to run the Detection step. After a few minutes, check the results by pressing the Result button. [1]
4.6.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
4.7. Eva M. García Cuesta: ”The movie shows red circles on the detected particles. If no red circle is shown, then this step has not worked correctly and you should try again.”[1]
4.7.1. INTERVIEW: Author says the above statement interview style
4.8. Now, merge the particles that were just detected into tracks that span multiple frames by first setting up the parameters as shown here.  Then, press Run in the Control panel. [1]
4.8.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
4.9. Next, perform track analysis. Define the settings as shown here and then press Apply and Run.  [1]
4.9.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
4.10. Verify the results by first pressing on the Result button.  Then, click on Show track number of the Movie options window and check frame by frame that each track has been correctly identified, manually marking particles that are not true particles. [1]
4.10.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
5. Calculation of the Diffusion Coefficients and Classification of Trajectories 
5.1. In Matlab, enter the command as shown here. This command will cause the program to read all of the trajectories and compute the diffusion coefficients. [1-TXT]
5.1.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page. TEXT: Command: trajectories=readTrajectories(0.1) 
5.2. Next, exclude trajectories corresponding to incorrectly identified spots/trajectories by giving a list of the spots to exclude.  [1]
5.2.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
5.3. Calculate the instantaneous diffusion coefficients for each one of the tracks of this cell by following along in the accompanying text protocol. In this case, calculate the diffusion coefficient for a time lag = 4, called D 1 through 4. [1]
5.3.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
5.4. When finished, decompose the trajectories into short and long trajectories. [1-TXT]
5.4.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page. TEXT: Command:[shortTrajectories, longTrajectories]=separateTrajectoriesByLength(trajectories,50) 
5.5. To analyze long trajectories, type the command as shown here to classify the type of motion through their Moment Scaling Spectrum. [1-TXT]
5.5.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page. TEXT: Command: trajectoriesClassification=classifyLongTrajectories(longTrajectories,113.88e-3,0.0015,’Long’) 
6. Calculation of Cluster Size 
6.1. Analyze the intensity of each particle along their trajectory. [1-TXT]
6.1.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page. TEXT: Command: analyzeSpotIntensities 
6.2. Configure this basic behavior in many different ways by following along in the accompanying text protocol. [1]
6.2.1. SCREEN: To be provided by the authors – Screen capture video as talent performs a few of the configurations listed in the accompanying text protocol. Authors, please upload this screen capture to your project page.
6.3. Then, gather the diffusion and intensity information for all the trajectories... Gather only the diffusion and intensity information for short trajectories. [1]
6.3.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page.
6.4. Finally, gather the Moment Spectrum Scaling and the intensity information by typing the following where `Long’ is the suffix used previously. [1-TXT]
6.4.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page. TEXT: Command: gatherTrajectoryClassificationAndIntensity('Long')


Section – Results
7. Results: Analysis of Dynamic Fluorescence Particle Characteristics 
7.1. The use of the techniques described in this protocol allows for the automated tracking of particles detected in fluorescence microscopy movies and the analysis of their dynamic characteristics. [1]
7.1.1. LABMEDIA: Supplemental Video 1
7.2. From this analysis, one can obtain different characteristics based on variations in stimuli.  This includes the percentage of immobile spots based on 4 different stimuli, [1] the percentage of long trajectories of greater than 50 frames, [2] and the types of movement along the long trajectories as broken up by directed… free… or combined movements.[3]
7.2.1. LABMEDIA: Figure 3a 
7.2.2. LABMEDIA: Figure 3b
7.2.3. LABMEDIA: Figure 3c – Video Editor: Highlight the different regions of the graph when mentioned.
7.3. In addition, the diffusion coefficient…[1] mean spot intensities…[2] and number of receptors per particle can be determined. [3]
7.3.1. LABMEDIA: Figure 4a
7.3.2. LABMEDIA: Figure 4b
7.3.3. LABMEDIA: Figure 4c
7.4. This shows the distribution of the short diffusion coefficients values for each spot in response to different stimuli.  The red line represents the median value.[1]
7.4.1. LABMEDIA: Figure 4a
7.5. This similar graph shows the mean spot intensities for each spot along its first 20 frames in response to the same stimuli.  Again, the red line represents the mean intensity value.[1]
7.5.1. LABMEDIA: Figure 4b
7.6. As a spot’s mean corrected intensity is related with the number of fluorescent proteins present in this spot, one can directly calculate the number of receptors per particle as shown here.  [1]
7.6.1. LABMEDIA: Figure 4c



Section - Conclusion
8. Conclusion Interview Statements: 

What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
8.1. Carlos Oscar S. Sorzano:  Matlab is a case-sensitive programming language. You may vary the variable names with respect to the ones described in this protocol, but be sure to be consistent in your naming. The names of the functions cannot be changed, and commas, colons and semicolons are important for a correct syntax.    
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
8.2. Mario Mellado: Single-molecule microscopy allows for direct visualization of individual membrane proteins with unprecedented spatiotemporal resolution and provides unique opportunities to reveal unanticipated aspects of cell biology. This protocol opens new doors for the quantitative analysis of microscopy videos in cell and molecular biology.    
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