[image: ]FINAL SCRIPT: APPROVED FOR FILMING


Submission ID #: 60398
Scriptwriter Name: Qingyun Ping
Project Page Link: http://www.jove.com/files_upload.php?src=18421438

Title: Oligomerization Dynamics of Cell Surface Receptors in Living Cells by Total Internal Reflection Fluorescence Microscopy Combined with Number and Brightness Analysis 

Authors and Affiliations:  Moreno Zamai1,#, Antonio Trullo2,*, Elvira Arza1, Ugo Cavallaro3, Valeria R. Caiolfa1,2,#	Comment by Maja Fiket: Authors: Please ensure that all authors’ names are spelled correctly and that the affiliations listed here are correct. 

This is how your names and affiliations will appear in your video. 

1Unit of Microscopy and Dynamic Imaging, Centro Nacional de Investigaciones Cardiovasculares (CNIC), Madrid, Spain
Centro di Imaging Sperimentale, Ospedale San Raffaele, Milano, Italy
2Centro di Imaging Sperimentale, Ospedale San Raffaele, Milano, Italy
3Unit of Gynecological Oncology Research, European Institute of Oncology IRCCS, Milan, Italy


Corresponding Author: 
Valeria R. Caiolfa
valeria.caiolfa@hsr.it
Moreno Zamai	
mzamai@cnic.es

Email addresses for Co-authors: 
antonio.trullo@igmm.cnrs.fr
earza@cnic.es
ugo.cavallaro@ieo.it




Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  NO
Can you record movies/images using your own microscope camera? (Y/N) NO
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.
3-Colour Fast TIRF Leica AM TIRF MC by Leica Microsystems
Microscope model Leica DMI 6000
There isn't any additional port in the microscope for attaching an extra camera. You might use the ocular. 
Alternatively, you can record the screen of the computer attached to the microscope from outside, while the operator works. 
We use two computers for acquiring images: computer #1 Windows XP; computer #2 Windows XP

2. Does your protocol include software usage? (Y/N) YES
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. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.3.1. show the transfected cells adherent to the bottom and cell membranes fluorescent.
2.3.2. show the overgrown cells and with low fluorescence, and discards.
3.5.1. SCOPE: choose a depth and optimizes the direction
4.1.1. SCOPE: switches to camera 2


4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.1. Switch to a second camera. Define a region of interest of at least 256 x 256 pixels [1]. Set the exposure to 1 millisecond and the EM
5.2. Discard series for which the average intensity profile shows more than 10% photobleaching [1], and series in which there has been an evident cell membrane distortion or translation during acquisition [2].


5. Will the filming need to take place in multiple locations? (Y/N) YES
If yes, how far apart are the locations? 
Sample preparation is in the cell room first floor
Microscope is in the microscope room in the same building at the second floor
Work station analysis is in the same building, second floor, in front of the microscope 


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Dr. Valeria R. Caiolfa: Receptor clustering is ubiquitous and often necessary for the signaling cascade activation. However, few methods are available to measure the degree of clustering. We use Total Internal Reflection Fluorescence (TIRF) microscopy to follow the diffusion of FGFR1-mEGFP molecules in the plasma membrane in live cells. Then, we apply Number and Brightness (N&B) analysis to describe the dynamics of stimulated FGFR1 clustering. TIRF is ideal for fast temporal imaging of molecular events occurring near the cell surface; while, N&B determines the average oligomeric state of fluorescent molecules based on their diffusion in and out the illumination volume of the microscope.
1.1.1. INTERVIEW

1.2. Dr. Valeria R. Caiolfa:. Indeed, this is a tool for linking the spatio-temporal organization of the receptors at the cell surface with their signaling [1].
1.2.1. INTERVIEW

1.3. Dr. Valeria R. Caiolfa: N&B only needs the access to a microscope with a fast acquisition module.  You can analyze large areas of live cells having just a basic knowledge of fluorescence fluctuation methods [1].
1.3.1. INTERVIEW

OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.4. Dr. Moreno Zamai: To any protein that dimerizes or clusters and that can be labelled stoichiometrically with a fluorescent dye. Other type of microscopes are used for acquiring the images if the protein is in intracellular compartments [1].
1.4.1. INTERVIEW

1.5. Dr. Moreno Zamai: It is important to prepare a control construct that expresses the monomeric form of the fluorophore for measuring the pure monomeric brightness under the experimental conditions [1].
1.5.1. INTERVIEW




Section - Protocol
2. Sample Preparation Videographer: CNIC building – cell culture room – first floor
2.1. On the first day, seed HeLa (pronounce as heela) cells in 1.5 milliliters of complete medium at a concentration of 100,000-200,000 cells per milliliter in glass-bottom dishes [1]. Seed 6-8 replicate dishes and incubate in an incubator at 37 degrees Celsius [2].
2.1.1. Talent adds cells into a dish.
2.1.2. Talent shows the 6-8 seeded dishes.
2.2. On the second or third day, cells have reached sub-confluency [1]. Add serum free medium with protein plasmid to half of the dishes, and add reference plasmids with monomer and dimer to the second half of dishes to transfect the cells [2-TXT].
2.2.1. [Added Shot] Talent set the shot 
2.2.2. [Added Shot] Talent shows a dish that is discarded (cells are piled up)
2.2.3. SCOPE: Talent shows cells that have reached sub-confluency.
2.2.4. [bookmark: _GoBack]Talent adds medium into dishes. TEXT: See manuscript for details of the transfection.
2.3. After one day, check that the transfected cells are adherent to the bottom of the dishes and the cell membrane is fluorescent [1]. Discard dishes with overgrown cells or with very low fluorescence [2]. 
2.3.1. SCOPE :Talent shows the transfected cells adherent to the bottom and cell membranes fluorescent. Important Step
2.3.2. SCOPE: Talent shows the overgrown cells and with low fluorescence, and discards. Important Step

3. TIRF Imaging: Alignment of the Laser Line and Optimization of TIRF Illumination Videographer: CNIC building – microscope room – second floor
3.1. Four hours before experiment, activate the temperature incubator of the microscope at 37 degrees Celsius [1]. Turn on the microscope, computers and cameras [2] and wait for the cameras to reach the proper working temperature at -70 degrees Celsius [3].
3.1.1. Talent turns on the incubator of the microscope.
3.1.2. Talent turns on the microscope, computer, and cameras.
3.1.3. CU: Talent shows the cameras at -70 degrees Celsius.
3.2. Place a little drop of oil on the objective [1]. Put a sample dish into the incubator of the microscope, and close the doors of the incubator to let the temperature of the dish equilibrate for 10 minutes [2]. Turn on the epifluorescence lamp and the 488-nanometer laser [3].
3.2.1. CU: Talent drops oil on the objective.
3.2.2. Talent places the dish into the incubator, and closes the door.
3.2.3. Talent turns on the lamp and laser.
3.3. Select the epifluorescence contrast mode to explore the sample [1], searching a cell to focus from the ocular [2]. Select the proper filter for collecting the green emission through the microscope camera with Band Pass Ex (pronounce E-X) 490/20 (500) (pronounce as 490 over 20, five hundred), Band Pass Em (pronounce E-M) 525/50, or similar [3].
3.3.1. CU: Talent adjusts the lamp to contrast mode.
3.3.2. SCOPE: Talent searches a cell.
3.3.3. SCOPE: Talent chooses a filter.
3.4. Switch from the ocular to the camera port in epifluorescence mode [1], refine the focus and change to TIRF (pronounce as T-I-R-F) mode [2-TXT]. Activate the auto-alignment following the instructions of the TIRF microscope [3].
3.4.1. Talent switches to camera port.
3.4.2. SCREEN: Talent refines the focus, and changes to TIRF model. TEXT: TIRF: Total Internal Reflection Fluorescence
3.4.3. SCREEN: Talent activates auto-alignment.
3.5. Choose a suitable illumination depth and optimize the direction of the evanescent field [1]. 
3.5.1. SCREEN: Talent chooses a depth and optimizes the direction. Important Step (60398_screenshot_7 new 00:00 – 00:52)

4. TIRF Imaging: Capture of the Time Series 
4.1. Switch to a second camera. Define a region of interest of at least 256 x 256 pixels [1]. Set the exposure to 1 millisecond and the EM (pronounce as E-M) gain to 1000 [2-TXT]. Adjust the laser power to 0.5 milliwatts [3]. 
4.1.1. Talent switches to camera 2. Important Step
4.1.2. SCREEN: Talent sets the exposure and EM gain. TEXT: ;  (60398_screenshot_8 new, 00:00-00:31) Video editor: show text and emphasize the G in the two equations when VO says EM.
4.1.3. SCREEN: Talent defines a ROI. (60398_screenshot_8 new, 00:32-00:37)
4.2. Dr. Valeria R. Caiolfa: It is necessary to have some information about the diffusion coefficient of the protein, because the exposure time must be shorter than the average time spent by fluorophores in the illuminated volume [1].
4.2.1. INTERVIEW
4.3. Run a first trial sequence under initial conditions and roughly estimate the S/N (pronounce as signal to noise) value. The conditions are acceptable at S/N equal to 2-3 or higher, as measured in the first-time series [1].
4.3.1. SCREEN: Talent runs a trial sequence, and points to acceptable S/N value. (60398_screenshot_9 new, 00:03-00:03)
4.4. Then, use the slider of the emission splitting system connecting camera #2 to the microscope for masking a side of the image [1]. Select the camera file autosave option [2]. Start the acquisition of the image series for a minimum of 700 frames at a minimum S/N (pronounce as signal to noise) ratio of 2 [3]. 
4.4.1. Shot of the black piece of glass inserted.
4.4.2. SCREEN: Talent selects the camera file autosave option, (60398_screenshot_8 new, 00:38-00:54)
4.4.3. SCREEN: Talent acquires image series (60398_screenshot_10 new, 00:00 – 00:48).
4.5. Without taking the dish out of the microscope, add the ligand [1]. Select a cell with a bright fluorescence membrane and quickly start the first-time series of the kinetic run [2].
4.5.1. Talent adds solution into the dish.
4.5.2. Talent selects a cell and starts a run.
4.6. Search a second cell and acquire the second time point of the kinetics [1]. Capture a new cell for each time point of the kinetic run [2]. For each new dish, repeat the Alignment of the Laser Line and Optimization of TIRF Illumination [3]. 
4.6.1. SCOPE: Talent searches a second cell
4.6.2. SCREEN: Talent captures a new cell. (60398_screenshot_11 new, 00:00 – 00:49)
4.6.3. Use 3.4.1.

5. Number & Brightness (N&B): Quality Check of the Time Series Videographer: CNIC building – work station room – second floor close to the microscope
5.1. Now, convert and save the image files acquired with the camera software as .TIFF files [1]. Import .TIFF files in the analysis software routine by activating the N&B graphical user interface MATLAB [2].
5.1.1. SCREEN: Talent converts and save image files, (60398_screenshot_12 new, 00:00-00:01)
5.1.2. SCREEN: Talent activates MATLAB to import. (60398_screenshot_13 new, 00:00-00:10)
5.2. Discard series for which the average intensity profile shows more than 10% photobleaching [1], and series in which there has been an evident cell membrane distortion or translation during acquisition [2].
5.2.1. SCREEN: Talent points to an image series with >10% photobleaching. (60398_screenshot_13 new, 00:14-00:33) 
5.2.2. SCREEN: Talent points to an image series with cell membrane distortion or translation. (60398_screenshot_13 new, 00:34-00:51)
5.3. Crop frames that are evidently out-of-focus [1]. Keep for the analysis only series with at least 500 time frames [2].
5.3.1. SCREEN: Talent points to an image out of focus. (60398_screenshot_13 new, 00:54-01:24)
5.3.2. SCREEN: Talent shows the series to be kept. (60398_screenshot_14 new, 00:16-01:44)
6. Number & Brightness (N&B): Computation of the B-values in Selected Region-of-interest (ROI)
6.1. First, determine the camera parameters. Activate the routine Calibrate Camera [1]. Select an area of at least 20x50 pixels in the detector noise region. In the log Frequency versus Digital level plot, move the linear red cursor to delimit the Gaussian and the linear part of the curve [2].
6.1.1. SCREEN: Talent activates the calibration routine. (60398_screenshot_14 new, 01:58-02:06)
6.1.2. SCREEN: Talent delimits an area in the black region of the image, and determine the parameters of the camera. (60398_screenshot_14 new, 02:06-02:52)
6.2. Activate the B key. Apply a minimum binning of two two to reduce the dispersion of the data and to generate the B-I (pronounce as bee-eye) histogram. Use the iterative square cursor to inspect the B-I histogram [1]. 
6.2.1. SCREEN: Talent generates B-I histogram, and inspects. (60398_screenshot_14 new, 02:53-04:14)
6.3. Select a square ROI (pronounce as R-oh-eye) for the analysis, and generate the B-map of the selected ROI. Then, save the ASCII file of the B-values associated to the selection. Import the ASCII file in a graphic software to compute the frequency distribution of the data and obtain the average B-value ± S.E [1]. 
6.3.1. SCREEN: Talent generates B-map of the selected ROI, saves, and imports to compute the data. (60398_screenshot_14 new, 04:15-06:14)
6.4. Apply the  (pronounce as epsilon) equation to derive the average brightness for each cell at each time point of the kinetic run [1-TXT].
6.4.1. SCREEN: Talent calculates in the computer. TEXT: [(counts /molecule) per dwell time] 
6.5. Normalize the data according to the normalization equation, where 〈B't〉 (pronounce as B prime T) is the average B-value measured at time "t" after ligand addition, and 〈B'0〉 (pronounce as B prime zero) is the average B-value measured at the time t=0, which is 10-20 seconds after ligand addition [1-TXT].
6.5.1. SCREEN: Talent normalizes the date. TEXT:  (60398_screenshot_15 new, 00:00-00:09) Video editor: emphasize  when VO reads it, and emphasize  when VO reads it.
6.6. Plot the Normalized Average Brightness versus acquisition time to build the kinetic run [1].
6.6.1. SCREEN: Talent plots a graph. (60398_screenshot_15 new, 00:10-00:11)

Section – Results
7. Results: N&B Analysis and Kinetics of FGFR1 Oligomerization
7.1. In this study, representative results from two HeLa cells in the same dish expressing mEGFP-FGFR1 (pronounce as monomer ee-gee-ef-pee  ef-gee-ef-ar-one) [1], captured at time 0 [2] and 7 after addition [3] of 20 nanograms per milliliter of FGF2 (pronounce as ef-gee-ef-two) are shown here [4].
7.1.1. Supplemental movie 1&4 – Video editor: show the two movies from top to bottom, and then transition to figure 5A the first B&W images.
7.1.2. Figure 5 – Video editor: emphasize Figure 5A, and emphasize the top graphs.
7.1.3. Figure 5 – Video editor: emphasize Figure 5A, and emphasize the bottom graphs.
7.1.4. Figure 5 – Video editor: emphasize Figure 5A.
7.2. Compared with the reference constructs [1] GPI-mEGFP (pronounce as gee-pee-eye-monomer- ee-gee-ef-pee) [2] and GPI-mEGFP-mEGFP (pronounce as gee-pee-eye-monomer- ee-gee-ef-pee dimer) [3], the entire analysis sequence shows the average intensity of the time series [4]; plot of all B-values [5]; B-I histogram [6]; B-map of the chosen ROI [7] and the associated B-distribution histogram [8].
7.2.1. Supplemental movie 1&4 – Video editor: show the two movies from top to bottom, and then transition to figure 5B the first B&W images.
7.2.2. Figure 5 – Video editor: emphasize Figure 5B, and emphasize the top graphs.
7.2.3. Figure 5 – Video editor: emphasize Figure 5B, and emphasize the bottom graphs.
7.2.4. Figure 5 – Video editor: emphasize the first lane.
7.2.5. Figure 5 – Video editor: emphasize the second lane.
7.2.6. Figure 5 – Video editor: emphasize the third lane.
7.2.7. Figure 5 – Video editor: emphasize the fourth lane.
7.2.8. Figure 5 – Video editor: emphasize the fifth lane.
7.3. After stimulation with 20 nanograms per milliliter of FGF2, representative kinetic runs showing the average brightness as a function of time, describes a slow process of dimerization that persists for several minutes at the cell surface [2]. 
7.3.1. Figure 6 – Video editor: emphasize the Figure 6A.
7.4. When stimulated with 50 micrograms per milliliter of NCAM-Fc (pronounce as an-cam-ef-cee), the kinetic profile reveals fast and cyclic transitions of the receptor in oligomeric mixtures, which also reaches brightness values above that of the dimer [1]. A normalized average value of 3 is repeatedly observed [2]. 
7.4.1. Figure 6 – Video editor: emphasize the Figure 6B.
7.4.2. Figure 6 – Video editor: emphasize the Figure 6B, and emphasize the first three highest peaks.



Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

8.1. Dr. Valeria R. Caiolfa: It is important to minimize extra variance due to non-molecular fluctuations and bleaching. Cells must be well adhered to the glass bottom dish, not overgrown or piled up [1].
8.1.1. INTERVIEW

8.2. Dr. Valeria R. Caiolfa: If we are interested in a protein that diffuses faster in intracellular compartments, we can use confocal or multiphoton microscopes to image inside the cells and apply faster dwell times [1].
8.2.1. INTERVIEW

8.3. Dr. Valeria R. Caiolfa: With our approach we minimize the detrimental effects of photobleaching when we want to explore the dynamics of events such as dimerization. These events control a variety of cellular responses and are very difficult to prove in live cells with other techniques [1].
8.3.1. INTERVIEW
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