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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__Y_______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _spinning disk confocal microscope_* Not necessary
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.) ____steps 5 to 6.3.1_
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.) _ The most difficult aspect is to find a cell with the adequate infection level and that will perform phagocytosis. We cannot really work on that aspect, just repeat the experiences and acquisitions.
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? ____5 min walking distance______ Méchain building and G.Roussy building on the same campus_


1. Introduction (Experimental Goal and Author Interviews) 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this analysis is to quantify phagosome velocity in HIV-1 infected macrophages using a simple manual tracking method. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Gabrielle Lê-Bury: The advantage of this protocol is to provide an easy method to calculate the relative movements of groups of objects within a cell that can be itself moving or deformed.
1.2. Florence Niedergang: This method provides insight into the movement of phagosomes in GFP-positive infected macrophages, but it could be used for other intracellular compartments in fluorescently-tagged cells. (2sd version)
 

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving human subjects have been approved by the  ”Etablissement Français du Sang”.


Protocol (read by voice talent at JoVE):


2. Live Cell Video Microscopy Phagocytosis Assay (Authors: Please provide all SCREEN/LM shots in this section as video screen capture.)
2.1. After infecting human monocyte-derived macrophages and opsonizing sheep red blood cells according to the text protocol [1-WIDE], set up a phagocytosis assay using a confocal imaging system such as a spinning disk microscope [2-WIDE] equipped with a heating chamber at 37°C with CO2 [3-MED/CU].
2.1.1. Talent places plates/flasks of macrophages and RBCs on bench under laminar flow hood (take 3)
2.1.2.  Shot of spinning disk confocal imaging system (end of it)
2.1.3. Talent points out heating chamber with bottle for CO2 passing through (CU at the end)
2.2. Prior to the experiment, turn on the heating chamber to heat the microscope stage to 37 C [1-MED/CU].  Then turn on the microscope and computer [2-MED/CU], and load the imaging software [3-MED OVER SHOULDER].
2.2.1. Talent turns on heating chamber set at 37 C
2.2.2. Talent turns on microscope and computer
2.2.3. Talent loads imaging software

2.3. Optimize the imaging settings such as scanning speed, magnification, resolution, etc., to have at least one cell per field, and to image one frame every minute between 60 to 120 min [1-SCREEN/LM]. 
2.3.1. Talent sets scanning speed, magnification, resolution, to have one cell per field and to image one frame every minute for 60-120 min
2.4. Place the imaging dish on the microscope stage [1-CU]. Adjust the focus and the location to find only one whole HIV-1 infected macrophage in the field [2-SCREEN/LM]. 
2.4.1. Talent places dish on microscope stage (take 2 : CU, take 3 MED)
2.4.2. Talent adjusts focus on one whole HIV-1 infected macrophage, Authors, if you can’t provide this this as video screen capture, then please provide a still image of a whole HIV-1 infected macrophage.

2.5. Use appropriate excitation and emission settings based on the used imaging system and probe [1-SCREEN/LM]. Include a bright field channel [2-SCREEN/LM]. Optimize its appearance by adjusting the exposure time [3-SCREEN/LM].
2.5.1. Talent sets excitation and emission settings
2.5.2. Talent sets brightfield channel; Alternatively, use Figure 1ii as an example here
2.5.3. Talent adjusts % of transmitted light and exposure time of transmitted light
2.6. Next, remove the imaging dish [1-CU] and add 1 ml of sheep red blood cell, or SRBC, suspension at 7 x 106 SRBCs/mL to the dish [2-CU].
2.6.1. Talent removes imaging dish from under scope (end of 2.4.1)
2.6.2. Talent adds SRBC suspension to dish. (take 3)

2.7. Centrifuge the dish at 500 x g for 2 min at room temperature to synchronize phagocytosis [1-MED/CU], then record the time at the end of the centrifugation [2-CU] and return the dish to the stage [3-MED/CU].
2.7.1. Talent places dish in centrifuge and sets speed and time and starts spin (take 2)
2.7.2. Talent checks time on nearby clock and records
2.7.3. Talent places dish under stage (see 2.4.1)

2.8. Optimize the focus, and set the top and bottom of the stack with a step-distance of 0.3 µm [1-SCREEN/LM-TXT]. Start acquisition of the Z-stacks of GFP and BF images throughout the thickness of the cell, and save the time-lapse video in the native file-format of the imaging system [2-SCREEN/LM].
2.8.1. Talent optimizes focus and begins taking GFP and BF images, with images appearing on screen (TEXT: Usually 20 planes)
2.8.2. Talent saves time lapse video directly in the imaging system
3. Analysis of Time Lapse Movies (Authors: Please provide all SCREEN/LM shots in this section as video screen captures.)
3.1. To carry out video editing, in the video editing software, click on the drop down menu ‘Apps’ and on the tab ‘Review Multi Dimensional Data’ [1-SCREEN/LM].
3.1.1. Talent clicks on ‘Apps’ and ‘Review Multi Dimensional Data’
3.2. To open the file, click on “Select Base File,” then on “Select Directory” [1-SCREEN/LM]. In the “Data sets” box, select the acquisition to analyze and click on “View” [1-SCREEN/LM-TXT] [2-SCREEN/LM-TXT].
3.2.1. Talent opens the file, then clicks on ‘Select Base File’ then on ‘Select Directory.’ (TEXT: In .nd format) 
3.2.2. [Added Shot] Then in ‘Data sets’ box, talent selects acquisition to analyze and clicks on ‘View.’ (TEXT: In .nd format)
3.3. To represent the infection in a Z-projection, in the ‘Wavelengths’ box, select the 491 nm wavelength and click on the “Z projection” tab with “all planes” [1-SCREEN/LM].
3.3.1. Talent selects 491 nm in wavelength box and clicks on ‘Z projection’ tab with ‘all planes.’
3.4. Next, to analyze a time sequence, in the “Wavelengths” box, select BF wavelength and choose the optimal plane on the Z-axis to distinguish external SRBCs, internal SRBCs, and the nucleus [1-SCREEN/LM][2-LM].
3.4.1. Talent selects BF and chooses optimal plane on Z-axis then points out external SRBCs, internal SRBCs and nucleus, Authors: if not pointing out these structures on the screen, Figure 2 has been included as the next step and will represent this.
3.4.2. LAB MEDIA Figure 2 Red arrowheads added for external SRBCs, red circles added to internal SRBCs, and blue circle added for nucleus (Author Note: LAB MEDIA Figure 2 is not necessary because we have pointed to the structures on the screen)
3.5. Save the video montages by clicking on the “Selection [X’s]” tab, and then on “Load Image(s)”. Finally, save the loaded images in .tif format [1-SCREEN/LM]. 
3.5.1. Talent clicks on ‘Selection [X’s] and then on ‘Load Images,’ then saves loaded images as .tif files 
3.6. After downloading the ImageJ ‘Manual Tracking’ plugin, open the plugin in ImageJ, then open the image sequence to be analyzed [1-SCREEN/LM].
3.6.1. Talent opens plugin in ImageJ then opens image sequence to be analyzed 
3.7. Enter the settings such as ‘Time Interval,’ which represents the amount of time between adjacent frames, and the ‘x/y calibration’, which represents the distance per pixel [1-SCREEN/LM].
3.7.1. Talent enters Time Interval and the x/y calibration
3.8. To start the tracking, click on “Add track,” and click on an SRBC center at the first time when it is internalized. The next frame appears automatically [1-SCREEN/LM].
3.8.1. Talent clicks on ‘Add track’ and click on SRBC center at the first time it is internalized.  The next frame then appears
3.9. For convenience, to see SRBCs on the BF channel, use the “Brightness & contrast” window during the tracking [1-SCREEN/LM].
3.9.1. Talent opens Brightness and Contrast window while tracking 
3.10. Continue to click on the SRBC center in all frames to have different positions during the time [1-SCREEN/LM].
3.10.1. Talent clicks on SRBC center in subsequent frames 
3.11. [bookmark: _GoBack]Between each SRBC tracking, click ”End Track,” and then “Add track” to begin a new track. The tracking number “Track n°”, will change in the second column of the results table [1-SCREEN/LM]. Said zero, since that’s a number, but not sure if that’s correct.
3.11.1. Talent clicks ‘End Track’ and then ‘Add track’ and begins a new track.  Talent then points out the change in second column of results table 
3.12. Start to track the nucleus to have its position in all frames by clicking on its center as performed previously [1-SCREEN/LM].
3.12.1. Talent clicks on center of nucleus to track position in all frames 
3.13. Save the data in a spreadsheet, then open it in spreadsheet software and create a new spreadsheet file. Transfer into this new file the time, and the x- and y- coordinates of the SRBC and the nucleus [1-SCREEN/LM].
3.13.1. Talent had spreadsheet open then opens a new spreadsheet and copies saves time and x and y coordinates of the nucleus for all SRBCs Alternatively, use Figure 4A here and point out the different fields mentioned 
3.14. [1-LM] Finally, use the spreadsheet software to calculate the travelled distance of phagosomes containing SRBCs towards the nucleus [2-LM], and the velocity [3-LM] of the phagosomes during the first 5 min after internalization of SRBCs according to the text protocol [14-LM].
3.14.1. LAB MEDIA Figure 4, Editor, add in the dashed line from x SRBC to the nucleus then add in dashed lines ‘a’ and ‘b’ and then point out the corresponding values in the table in panel C. LAB MEDIA Figure 4 (Author Comment: It is Figure 4 without dashed lines)
3.14.2. [Added Shot] LAB MEDIA Figure 4 add in the dashed line from x SRBC to the nucleus 
3.14.3. [Added Shot] LAB MEDIA Figure 4 then add in dashed lines ‘a’ and ‘b’
3.14.4. [Added Shot] LAB MEDIA Figure 4 and then point out the corresponding values in the   table in panel C.
(Author Comment: 4 different attached files saved in .tif)
4. Results: Velocity of Phagosome Migration in HIV-infected and Uninfected Human Macrophages
4.1. Analysis of phagosome movement in living HIV-infected macrophages in real-time using spinning disk confocal microscopy is shown here.  The settings for the brightfield channel are critical to see the nucleus [1-LM], and for discriminating the external [2-LM] from the internalized SRBCs [13-LM].
4.1.1. LAB MEDIA Figure 2, Editor, point out the blue circle for the nucleus.  Add in the red arrowheads for the external SRBCs and the red circles for the internal SRBCs. LAB MEDIA Figure 2, point out the blue circle for the nucleus.
4.1.2. [Added Shot] LAB MEDIA Figure 2 Add in the red arrowheads for the external SRBCs
4.1.3. [Added Shot] LAB MEDIA Figure 2 and the red circles for the internal SRBCs.
(Author Comment: 3 different attached files saved in .tif)
4.2. This graph plots the distance traveled [1-LM] for a phagosome in non-infected hMDMs in the first five minutes after internalization of an SRBC versus time [2-LM]. The velocity [3-LM] of the phagosome is the slope of the linear regression curve shown here [1-LM].
4.2.1. LAB MEDIA Figure 5A, Editor, add in the Y axis label and then the X axis label when mentioned.  Then add in the regression curve formula and point out the red value for the slope. LAB MEDIA Figure 5A, add in the Y axis label
4.2.2. [Added Shot] LAB MEDIA Figure 5A, and then the X axis label when mentioned.
4.2.3. [Added Shot] LAB MEDIA Figure 5A, Then add in the regression curve formula
4.2.4. [Added Shot] LAB MEDIA Figure 5A, and point out the red value for the slope.

4.3. Finally, in this study, it was observed that the phagosome velocity during the first 5 minutes after internalization in HIV-infected hMDMs is lower compared to non-infected hMDMs [1-LM].
4.3.1. LAB MEDIA Figure 5B, Editor, point out the lower overall values in the graph of HIV-infected cells and the higher overall values for non-infected cells when mentioned.

5. Conclusion (said by authors on camera)

5.1. Gabrielle Lê-Bury: This method demonstrated that phagosome movement to the cell center and therefore phagosome maturation into phagolysosomes was impaired in HIV-infected macrophages. (take 2)
5.2. Florence Niedergang: After its acquisition, a cell can be further processed for correlative electron microscopy or the whole cell population can be fixed for classical immunofluorescence microscopy and statistical analysis. (2sd version)
5.3. Florence Niedergang: Phagocytosis is very sensitive to temperature, and therefore the temperature within the heating chamber and the culture dish medium should be maintained at a constant 37°C throughout the procedure. (2sd or 3rd version)
5.4. Gabrielle Lê-Bury: Don't forget that working with pathogens can be hazardous and precautions such as working in a biosafety room and wearing personal protection equipment should be taken according to local legislation. 


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.
 2013, Journal of Visualized Experiments

