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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________

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 steps by their protocol number. 2.2.7, 2.2.8, 2.2.9 (TIRF Achievement) 3.3.2 -3.3.3 (selection of fusion events in the film)

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number. 

The most difficult aspect of this procedure is described in steps 2.2.7, 2.2.8, 2.2.9 (TIRFM achievement). As described in the text, to verify the TIRF achievement we check the position of the laser beam that emerges out of the objective on the sample cover and the image we obtained by our cell sample on the screen.

E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to investigate neurotransmitter vesicle dynamics in neuroblastoma cells using pH-sensitive probes and Total Internal Reflection Fluorescence Microscopy, or TIRF (pronounced as “tirf”). (Intro)
Note to authors, the intro line is limited to 2 lines of text, so I added the info about genetically-encoded & vesicle fusion and recycling into the next line.

This is accomplished by first plating cells onto glass coverslips and transfecting them with genetically-encoded, pH-sensitive fluorescent probes of vesicle fusion and recycling, which are selectively targeted to synaptic vesicles.  Protein expression is expected within 24 to 48 hours. (P1)
Editors, please show P1 of “Jove 52267 Perego” as this point is narrated.  To animate this, bring the cells onto the glass coverslip to result in the illustration of the cells plated on the glass coverslip in the dish.  Then animate the combining of the DNA and PEI into the same test tube to get the images shown in the 3rd test tube from the left.  Then animate these complexes moving up into a pipette tip and then out onto the plate.  Finally, have the final image representing cells with protein expression appear for the last sentence.
The second step is to record vesicle dynamics by total internal reflection microscopy.  This step is particularly critical for the success of the experiment and a step-by-step description on how to achieve TIRF configuration is provided. (P2)
Editors, please show P2 of “Jove 52267 Perego” as this point is narrated.  To animate, start with the left-most column of images (epifluorescence image, TIRFM sample cover under it, and sample/cover/objective illustration under that).  Then fade this out and show an animation of the TIRM Slider Screw (in the bottom-middle of the page) moving clockwise from the position to the left image to the position in the right image. Then fade into the right-most column of images showing TIRF is achieved.
Next, once the correct TIRF configuration is reached, the sequential images can be automatically recorded by the software, in basal conditions… or stimulated conditions. (P3)
Editors, please show P3 of “Jove 52267 Perego” as this point is narrated.  Start with the 2 microscope images.  Then bring in the label and picture for “basal condition” and “stimulated condition” as narrated.
Start with left side of the image and show the microscope image, the label and picture “basal condition”. Then move to the right part of the image: show the microscope image, the label and picture “stimulated conditions”.
The final step is to process images and extract data from the videos using commercial software or home-made algorithms. (P4)
Editors, please show P4 of “Jove 52267 Perego” as this point is narrated.  To animate, have each picture pop up as the graph is made, making the picture and corresponding graph point appear simultaneously.
Ultimately, using TIRF microscopy to record the changes in the fluorescent signal deriving from vesicle fusion to the plasma membrane, it is possible to obtain information on the frequency of fusion events and the mode of vesicle fusion. (P5)
Editors, please show P5 of “Jove 52267 Perego” as this point is narrated.  Use the image to the right only for viewer clarity.  To animate, have the purple images and microscope images appear from left to right in a corresponding manner, that is, the microscope image directly above each illustration of fusion step should appear simultaneously in a sequential manner from left to right.
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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1.1. Eliana Di Cairano:  The main advantage of this technique over existing methods, like for example electron microscopy and electrophysiology, is that it provides both the spatial and temporal resolution required to detect highly dynamic processes.  Indeed, highly contrasted images obtained by this technique, allow to detect signals derived from the single vesicle. The chip-based image acquisition provides the temporal resolution necessary to follow vesicle dynamics.
1.1.1. MED:  Eliana speaks toward camera, interview style.
1.2. Stefania Moretti:  This method can help answer key questions in the neuroscience field, such as understanding the role of particular synaptic proteins on vesicle dynamics or the mechanism of action of drugs acting on synaptic transmission.  
1.2.1. MED:  Stefania speaks toward camera, interview style.
1.3. Silvia Marsicano:  Generally, individuals new to this method will struggle with data analysis because completely automated procedures to follow vesicles and to register the fluctuation of their fluorescent signals are not always available.
1.3.1. MED:  Silvia speaks toward camera, interview style.
1.4. Carla Perego:  We first had the idea for this method, when we decided to investigate the impact of pathogenic mutants of synaptic proteins on neurotransmitter vesicle release. The existing methods were not sufficiently comprehensive, thus we decided to set up this technique in the neuroblastoma cell line SH-5YSY to reach the appropriate resolution.
1.4.1. MED:  Carla speaks toward camera, interview style.
1.5. Daniele Federica:  Visual demonstration of this method is critical as some key steps (such as how to achieve TIRFM configuration, how to extract quantitative data from videos) are difficult to describe using words, while can be more understandable and persuasive if visualized.   
1.5.1. MED:  Daniele speaks toward camera, interview style.
1.6. ** Daniele Federica:  Demonstrating the procedure will be (authors, please say person’s name here), a grad student from my laboratory.  

1.6.1. MED:  Daniele speaks toward camera, interview style.

1.6.2. MED:  The named student looks up from workbench or desk or microscope and acknowledges the camera.



Protocol (read by voice talent at JoVE):
Editors, please use a zoom bubble to highlight the action being performed whenever necessary throughout the protocol in the SCREEN capture movies.

2. Cell imaging by Total Internal Reflection Fluorescence Microscopy (TIRFM)
2.1. To perform TIRF imaging, set up a motorized inverted microscope, laser source, and the TIRF-slider as outlined in the text protocol.  
2.1.1. BROLL: Capture shots of the TIRF imaging station including the motorized inverted microscope, the laser source, and the TIRF-slider if visible.  Authors, please point out these components to the videographer.
2.2. To achieve TIRF illumination, remove the glass cover with transfected cells and insert it in the appropriate imaging chamber.  Assemble the chamber and add 500 microliters of Kreb’s-Ringer solution in the center of the glass.  
2.2.1. CU:  Talent removes the glass cover with transfected cells and inserts it in the imaging chamber.  TEXT overlay:  see text for cell culture and transfection
2.2.2. MED:  Imaging chamber with sample as talent adds 500 microliters of Kreb’s-Ringer solution from a labeled container to the sample from a pipette.  TEXT overlay:  see text for KRH solution preparation
2.3. Then, add oil over the objective.  Place the imaging chamber on the stage of the microscope and position the objective under the glass coverslip.  Position the safe cover over the sample. 
2.3.1. CU:  Objective as talent adds oil there.
2.3.2. MED-over the shoulder:  Talent places the imaging chamber on the stage of the microscope and positions the objective under the glass coverslip.
2.3.3. CU:  Sample as talent places the safe cover there.
2.4. In epifluorescence mode, focus on the coverslip and choose transfected cells placed in the chamber center.  Under software control, switch to TIRF illumination in live mode. 
2.4.1. SCREEN:  Screen capture movie of the microscope software as talent uses it in epifluorescence mode to focus on the coverslip and choose the transfected cells placed in the chamber center.  Then talent goes under the software control and switches to TIRF illumination in live mode.
2.5. To set the TIRF configuration, check the position of beam that emerges out of the objective, on the sample cover.  When the beam is positioned in the center of the objective lens, a spot is visible in the center of the TIRF sample cover and the cell is imaged in epifluorescence mode.
2.5.1. CU:  TIRF sample cover showing the spot in the center of the TIRF sample cover.
2.5.2. LAB MEDIA:  EpiMode - Microscope movie of the cell in epifluorescence mode when the beam is positioned in the center of the objective lens.
2.6. To reach the critical angle, move the focused spot in the Y direction using the angle adjustment screw on the TIRF slider.  When the beam converges on the sample plane at an angle larger than the critical angle, the spot disappears, and a straight, thin, focused line is evident in the middle of the sample cover.
2.6.1. MED:  Screw on the TIRF slider as talent moves the focused spot in the Y direction.
2.6.2. CU:  TIRF sample cover showing the spot disappearing into a straight, thin, focused line that is visible in the center of the TIRF sample cover. 

2.7. To fine-tune the TIRF angle use the cell sample.  Watch the fluorescence image on the video; at this stage, an epifluorescence-like image is still visible.  Gently, move the screw until TIRF condition is achieved.  Here, only one optical plane of the cell is in focus, resulting in a flat image with high contrast.
2.7.1. LAB MEDIA:  TIRFMode - Microscope movie of the fluorescence image as talent fine-tunes the TIRF angle using the cell sample, moving the screw until TIRF condition is achieved with only one optical plane of the cell is in focus.
2.8. To perform sample imaging, set the single-channel time-lapse experiment.  Appropriate exposure times are between 40 and 80 milliseconds.  Acquire images at 1 Hertz sampling frequency. 
2.8.1. SCREEN:  Screen capture movie of the microscope software as talent sets the single-channel time-lapse experiment with an exposure time between 40-80 msec and 1 Hertz sampling frequency.
2.9. Add 500 microliters of Kreb’s-Ringer solution and record cells in TIRF microscopy mode.  Save the time sequential images of the resting condition.
2.9.1. MED:  Talent adds 500 microliters of KRH solution from a labeled container.  
2.9.2. MED-over the shoulder:  Talent begins to record cells in TIRFM mode and saves the time sequential images.
2.10. Focus on the same cell and record under the same conditions of resting.  After five frames, add 500 microliters of potassium chloride-Kreb’s-Ringer solution and keep potassium chloride in the chamber.  Save the time sequential images of the stimulated condition.
2.10.1. MED-over the shoulder:  Talent looks cells at the microscope and adjusts focus
2.10.2. CU:  Talent prepares the perfusion system and loads the KCl- Kreb’s-Ringer solution. 
2.10.3. MED:  Reuse 2.9.2.
2.10.4. CU: Talent injects the KCl-Kreb’s-Ringer solution in the chamber under live acquisition

3. Fluorescence intensity quantification 
3.1. Use a “Sequence fluorescence intensity” macro for fluorescence intensity quantification in a region of interest, or ROI, of the image, over the course of the movie. 
3.1.1. Title Card
.
3.2. To do so, first open the time-sequential images.  Go to the macro menu and select "Sequence fluorescence intensity".  In the "Analysis" window, navigate to “select the ROI”. 
3.2.1. SCREEN:  Screen capture movie of the microscope software as talent opens the time-sequential images.  Talent then goes to the macro menu and selects “Sequence fluorescence intensity.”  Then talent navigates to the "Analysis" window where “select the ROI” appears.
3.3. Choose one of the selection tools in the menu to create the ROI.  Place 3 ROIs in regions of the cell membrane without spots for the background ROI.  Employ this “background ROI” to evaluate the photobleaching and to set the threshold for fusion event analysis. 
3.3.1. SCREEN:  Screen capture movie of the microscope software as talent chooses one of the selection tools in the menu to create the ROI.  Then talent places 3 ROIs in regions of the cell membrane without spots for the background ROI.  Talent employs this “background ROI” to evaluate the photobleaching and to set the threshold for fusion event analysis. 
3.4. With the ROIs selected, click "OK".  Automatically, calculate the average fluorescence intensity of each ROI over the course of the movie.  Export the data to a spreadsheet program for further analysis. 
3.4.1. SCREEN:  Screen capture movie as talent clicks “OK” and then the average fluorescence intensity of each ROI over the course of the movie are calculated.  Note to editors, if the automatic process is too long, only show enough to give the idea. 
3.4.2. MED-over the shoulder:  Talent exports the data to a spreadsheet program.
4. Photobleaching correction and threshold determination 
4.1. To evaluate the photobleaching, open the fluorescence intensity rows “background ROIs.”  Normalize the fluorescence intensity values in each frame to the initial intensity value and average the values. 
4.1.1. SCREEN:  Screen capture movie as talent opens the fluorescence intensity rows “background ROIs.”  Talent then begins to normalize the fluorescence intensity values in each frame to the initial intensity value and averages the values.
4.2. Highlight the average data and create a line plot using the chart menu options. 
4.2.1. SCREEN:  Screen capture movie as talent highlights the average data and creates a line plot using the chart menu options.
4.3. From the data analysis menu, select “trendline” to open the plot analysis dialog.  Set the type of regression to “exponential” regression.  Then select “display equation on chart”.  In the graph window, the exponential equation appears and the parameter values are automatically assigned.
4.3.1. SCREEN:  Screen capture movie as talent selects “treadline” to open the plot analysis dialog.  Talent then selects the “exponential” regression and selects “display equation on chart”.  In the graph window, the exponential equation appears and the parameter values are automatically assigned.
4.4. After applying the exponential correction to the intensity values as described in the text protocol, set the threshold by opening a normalized and corrected “background ROI.”  Then, calculate the average fluorescence signal and its standard deviation.  The average value plus 3 standard deviation units represents the threshold.
4.4.1. SCREEN:  Screen capture movie as talent sets the threshold by opening a normalized and corrected “background ROI.”  Then, talent calculates the average fluorescence signal and its standard deviation.  
5. Selection of fusion events using a semiautomatic procedure
5.1. To select the fusion events, first, open the time-sequential images with image analysis software.  Apply a Gaussian filter to the active image sequence. 
5.1.1. SCREEN:  Screen capture movie as talent opens the time-sequential images with image analysis software.  Talent applies a Gaussian filter to the active image sequence. 
5.2. Analyze images using the tool “count objects” or a macro which allows the selection of an object whose pixels have average fluorescence intensity within a defined range.  Set the intensity range manually, using the threshold function. 
5.2.1. SCREEN:  Screen capture movie as talent selects the “count objects” tool.  Then talent navigates to the bar menu, set measure → threshold to highlight the area of interest
5.3. Apply a macro “Filters objects” to select only objects meeting specific criteria.
5.3.1. SCREEN:  Screen capture movie as talent applies a macro “Filters objects” to select only objects meeting specific criteria.
5.4. First, apply ranges option for the aspect criterion.  Aspect reports the ratio between the major axis and the minor axis of the ellipse equivalent to the object.  Adequate values for aspect are a minimum of 1 and a maximum of 2.3.
5.4.1. SCREEN:  Screen capture movie as talent applies the ranges option for the aspect criterion by setting adequate values of 1-2.3.
5.5. Then, apply ranges for the diameter criterion in pixels.  Diameter reports the average length of the diameters measured at two degree intervals joining two outline points and passing through the centroid of the object.  
5.5.1. SCREEN:  Screen capture movie as talent applies the ranges option for the diameter criterion in pixels.
5.6. Next, select “display objects.”  Selected objects will appear superimposed to the TIRF microscopy image.
5.6.1. SCREEN:  Screen capture movie as talent selects “display objects.”  Selected objects will appear superimposed to the TIRFM image.
5.7. Include in the analysis only those spots that show a short transient increase in fluorescence intensity, immediately followed by a marked loss of signal.  Manually employ the circular selection to create a ROI approximately one-spot diameter radially around the selected vesicle. 
5.7.1. SCREEN:  Screen capture movie as talent selects spots that show a short transient increase in fluorescence intensity, immediately followed by a marked loss of signal.
5.7.2. SCREEN:  Screen capture movie as talent manually employs the circular selection and creates a ROI approximately one-spot diameter radially around the selected vesicle
. 
5.8. With the ROIs selected, calculate the average fluorescence intensity of each ROI over the course of the movie.
5.8.1. SCREEN:  Screen capture movie as talent calculates the average fluorescence intensity of each ROI over the course of the movie. 
6. Data analysis
6.1. Export the time-course of the fluorescence changes measured in each “experimental ROI” to a spreadsheet.  Proceed to normalize the intensity value in each frame to the initial fluorescence intensity. 
6.1.1. SCREEN:  Screen capture movie as talent exports the time-course of the fluorescence changes measured in each “experimental ROI” to a spreadsheet.  
6.1.2. SCREEN:  Screen capture movie as talent normalizes the intensity value in each frame to the initial fluorescence intensity. 

6.2. After applying the exponential correction to the intensity values in each frame as before, apply logical functions using spreadsheet or math packages to calculate the total number of fusion events, the time each fusion occurs, and the amplitude of fluorescent peak. 
6.2.1. SCREEN:  Screen capture movie as talent applies logical functions using spreadsheet or math packages to calculate the total number of fusion events, the time each fusion occurs and the amplitude of fluorescent peak. 

6.3. Assume the increase of fluorescence intensity exceeding the threshold as vesicle fusion to the plasma membrane and the resulting peak as a fusion event.  
6.3.1. SCREEN:  Screen capture movie as talent defines the increase of fluorescence intensity exceeding the threshold as vesicle fusion to the plasma membrane and the resulting peak as a fusion event.  

6.4. Calculate the peak width as the difference between the last and the first x value of each peak.  
6.4.1. SCREEN:  Screen capture movie as talent calculates the peak width as difference between the last and the first x value of each peak
. 
6.5. Then, multiply this value by 1 over the sampling frequency.  Consider this value as the time of vesicle fusion and adhesion at the plasma membrane before vesicle re-acidification and recycling.  
6.5.1. SCREEN:  Screen capture movie as talent multiplies the peak width by 1 over the sampling frequency.  
6.6. Next, calculate the whole-cell area under the curve as a sum of values over threshold.  Consider this value as net fluorescent change during the recording time due to the spontaneous or evoked synaptic activity.
6.6.1. SCREEN:  Screen capture movie as talent calculates the whole-cell AUC as a sum of values over threshold.  Consider this value as net fluorescent change during the recording time due to the spontaneous or evoked synaptic activity.
6.7. Calculate the peak height as the difference between the maximal y value of each peak and the threshold and consider this value as indicative of the fusion type.
6.7.1. SCREEN:  Screen capture movie as talent calculates the peak height as the difference between the maximal y value of each peak and the threshold.
7. Results: Analysis of synaptic vesicles fusion under resting and stimulated (potassium-induced depolarization) conditions are shown here 
7.1. In whole-cell analysis the total number and the frequency of fusion events occurring in the cell are analyzed. Under resting conditions, vesicles occasionally approach to the plasma membrane and fuse with it.  In the fluorescence intensity plot, this is reflected by an abrupt change of fluorescence intensity, over the threshold.
7.1.1. LAB MEDIA: LAB MEDIA 52267 _Perego_Figure1.tif - Editors, as the last sentence is narrated, bring in a highlighted box to highlight or trace-highlight the bold peak at about 34 seconds.   
7.2. After application of the secretory stimulus, different peaks of variable fluorescence intensity suddenly appear in the fluorescence intensity profile plot.  Note the increase in peak number and height after potassium stimulation.
7.2.1. LAB MEDIA: LAB MEDIA 52267 _Perego_Figure2.tif   
7.3. In the single-peak analysis, every single fusion event is analyzed.  Two parameters are measured: the peak width, which corresponds to the time of vesicle adhesion and fusion to the plasma membrane; as well as the peak height, which reflects the mechanism of vesicle fusion.
7.3.1. LAB MEDIA: LAB MEDIA 52267 _Perego_Figure3.tif.  Editors,  please highlight the word “width” and corresponding arrow as this “peak width” is discussed and then highlight the word “height” and corresponding arrow as “peak height” is discussed.   
7.4. Under potassium depolarization, the peak height and width increase, mirroring a change in the mode of vesicle fusion to the plasma membrane.  
7.4.1. LAB MEDIA: LAB MEDIA 52267 _Perego_Figure4.tif   
8. Conclusion (said by authors on camera)
8.1. Daniele Federica:  While attempting this procedure, it’s important to remember that this technique can allow only the visualization of events taking place at the plasma membrane or immediately beneath it.
8.1.1. MED:  Daniele speaks toward camera, interview style.
8.2. Sefania Moretti:  Following this procedure, other methods like wide-field microscopy can be performed in order to answer additional questions like the fate of internalized vesicles and proteins within the cells.
8.2.1. MED:  Sefania speaks toward camera, interview style.
8.3. Carla Perego:  After its development, this technique paved the way for researchers in the field of cellular biology and physiology to explore dynamic events occurring at the plasma membrane such as vesicle exo- endocytosis, cell-matrix adhesions, ion imaging.
8.3.1. MED:  Carla speaks toward camera, interview style.
8.4. Eliana Di Cairano:  After watching this video, you should have a good understanding of how to achieve the TIRF configuration, record vesicle dynamics, and analyze the data.
8.4.1. MED:  Eliana speaks toward camera, interview style.
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.

Jove 52267 Perego
EpiMode:  Microscope movie of the cell in epifluorescence mode when the beam is positioned in the center of the objective lens.
TIRFMode:  Microscope movie of the fluorescence image as talent fine-tunes the TIRF angle using the cell sample, moving the screw until TIRF condition is achieved with only one optical plane of the cell is in focus.
LAB MEDIA 52267 _Perego_Figure1.tif
LAB MEDIA 52267 _Perego_Figure2.tif

LAB MEDIA 52267 _Perego_Figure3.tif

LAB MEDIA 52267 _Perego_Figure4.tif

SCREEN Capture Movie

52267_Perego_2.4.1_SCREEN:  Screen capture movie of the microscope software as talent uses it in epifluorescence mode to focus on the coverslip and choose the transfected cells placed in the chamber center.  Then talent goes under the software control and switches to TIRF illumination in live mode.
For obvious reasons, we recorded the 2.4.1(EPI-MODE) and the 2.7.1 (TIRFM-MODE) screen capture movies from a newly transfected cell. 
Please note that the following screen capture movies, describing data analysis, were performed on the same cell shown in the accepted paper.
52267_Perego_2.8.1_SCREEN:  Screen capture movie of the microscope software as talent sets the single-channel time-lapse experiment with an exposure time between 40-80 msec and 1 Hertz sampling frequency.
52267_Perego_3.2.1_SCREEN:  Screen capture movie of the microscope software as talent opens the time-sequential images.  Talent then goes to the macro menu and selects “Sequence fluorescence intensity.”  Then talent navigates to the "Analysis" window where “select the ROI” appears.
52267_Perego_3.3.1_SCREEN:  Screen capture movie of the microscope software as talent chooses one of the selection tools in the menu to create the ROI.  Then talent places 3 ROIs in regions of the cell membrane without spots for the background ROI.  Talent employs this “background ROI” to evaluate the photobleaching and to set the threshold for fusion event analysis. 
52267_Perego_3.4.1_SCREEN:  Screen capture movie as talent clicks “OK” and then the average fluorescence intensity of each ROI over the course of the movie are calculated.  
52267_Perego_4.1.1_SCREEN:  Screen capture movie as talent opens the fluorescence intensity rows “background ROIs.”  Talent then begins to normalize the fluorescence intensity values in each frame to the initial intensity value and averages the values.
52267_Perego_4.2.1_SCREEN:  Screen capture movie as talent highlights the average data and creates a line plot using the chart menu options.
52267_Perego_4.3.1_SCREEN:  Screen capture movie as talent selects “treadline” to open the plot analysis dialog.  Talent then selects the “exponential” regression and selects “display equation on chart”.  In the graph window, the exponential equation appears and the parameter values are automatically assigned.
52267_Perego_4.4.1_SCREEN:  Screen capture movie as talent sets the threshold by opening a normalized and corrected “background ROI.”  Then, talent calculates the average fluorescence signal and its standard deviation.  
52267_Perego_5.1.1_SCREEN:  Screen capture movie as talent opens the time-sequential images with image analysis software.  Talent applies a Gaussian filter to the active image sequence. 
52267_Perego_5.2.1_SCREEN:  Screen capture movie as talent selects the “count objects” tool.  Then talent navigates to the bar menu, set measure → threshold to highlight the area of interest
52267_Perego_5.3.1_SCREEN:  Screen capture movie as talent applies a macro “Filters objects” to select only objects meeting specific criteria.
52267_Perego_5.4.1_SCREEN:  Screen capture movie as talent applies the ranges option for the aspect criterion by setting adequate values of 1-2.3.
52267_Perego_5.5.1_SCREEN:  Screen capture movie as talent applies the ranges option for the diameter criterion in pixels.
52267_Perego_5.6.1_SCREEN:  Screen capture movie as talent selects “display objects.”  Selected objects will appear superimposed to the TIRFM image.
52267_Perego_5.7.1_SCREEN:  Screen capture movie as talent selects spots that show a short transient increase in fluorescence intensity, immediately followed by a marked loss of signal.
52267_Perego_5.7.2_SCREEN:  Screen capture movie as talent manually employs the circular selection and creates a ROI approximately one-spot diameter radially around the selected vesicle. 
52267_Perego_5.8.1_SCREEN:  Screen capture movie as talent calculates the average fluorescence intensity of each ROI over the course of the movie.
52267_Perego_6.1.1_SCREEN:  Screen capture movie as talent exports the time-course of the fluorescence changes measured in each “experimental ROI” to a spreadsheet.  
52267_Perego_6.2.1
_SCREEN:  Screen capture movie as talent normalizes the intensity value in each frame to the initial fluorescence intensity. 
52267_Perego_6.3.1
_SCREEN:  Screen capture movie as talent applies logical functions using spreadsheet or math packages to calculate the total number of fusion events, the time each fusion occurs and the amplitude of fluorescent peak. 
52267_Perego_6.4.1
_SCREEN:  Screen capture movie as talent defines the increase of fluorescence intensity exceeding the threshold as vesicle fusion to the plasma membrane and the resulting peak as a fusion event.  
52267_Perego_6.5.1
_SCREEN:  Screen capture movie as talent calculates the peak width as difference between the last and the first x value of each peak.  
52267_Perego_6.6.1
_SCREEN:  Screen capture movie as talent multiplies the peak width by 1 over the sampling frequency.  
52267_Perego_6.7.1
_SCREEN:  Screen capture movie as talent calculates the whole-cell AUC as a sum of values over threshold.  Consider this value as net fluorescent change during the recording time due to the spontaneous or evoked synaptic activity.
52267_Perego_6.8.1
_SCREEN:  Screen capture movie as talent calculates the peak height as the difference between the maximal y value of each peak and the threshold.
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, as well as an introduction to your videographer, closer to your filming date.
�This shot was not filmed


�This shot is at the end of 2.5.1


�Please move step 2.10.4 before 2.10.3


�What do you mean exactly?


�Both screen movies have been provided but we suggest to use only 5.7.2 which includes also actions described in 5.7.1


�This screen capture movie shows repetitive action. Feel free to stop the movie where you want.


�This point is only a comment and a screen capture movie is impossible to realize.


�This is the definition of peak. In the video, we show how to measure this value using the excel program and a macro based on this definition.  


�This is the definition of peak width. In the video, we show how to measure this value using the excel program and a macro based on this definition.  


�In the text this file is 6.1.2


�In the text this file is 6.2.1 as reorted in the text is just a comment 





�In the text this file is 6.3.1





�In the text this file is 6.4.1


�In the text this file is 6.5.1


�In the text this file is 6.6.1


�In the text this file is 6.7.1
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