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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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _ 4.4, 4.5.	Use 60X objective. Manually focus on the cells and set an optimal field of view using the microscope. Activate the selected field of view on the computer screen using the Focus “F” option on the software. For performing FRET measurements, select the proper filter set (CFP/YFP filter set with a 430/25-nm excitation filter, a double dichroic beam splitter, and two emission filters (470/30-nm for CFP and 535/30-nm for FRET) manually. 
4.6.	Visualize fluorescence by first checking on the channel option CFP/YFP/FRET followed by clicking open fluor tab. Improve the signal intensity by using the intensification tool in the camera tab. 
4.7.	Select cells expressing pmAKAR3 or pmAKAR3-TA avoiding saturation of the signal intensity. Use the capture window to initiate FRET measurement.
4.8.	 Select the time-lapse option and setup a time-scan for 30 min with 30 sec interval. Check the FRET option and set the exposure time at 100 ms. Enter the image label and press start to initiate the measurement.
4.9.	After five time points and establishment of a baseline, add 25 µM of forskolin (5 µL of 10 µM stock in ethanol, diluted with 100 µL of HBSS) to the cells without disturbing the plate and monitor the cells for a total of 30 min

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.)  4.9. After five time points and establishment of a baseline, add 25 µM of forskolin (5 µL of 10 µM stock in ethanol, diluted with 100 µL of HBSS) to the cells without disturbing the plate and monitor the cells for a total of 30 min

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

The overall goal of this experimental procedure is to observe the cAMP dependent regulation of fibroblast migration by MRP4. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Chandrima Sinha: High content microscopy can help answer key questions in the cell biology field.  For example, in addition to conferring drug resistance, MRP4 can also regulate physiological processes such as cell migration, by modulating intracellular cyclic nucleotide concentrations. 
1.2. Kavisha Arora: The main advantage of FRET imaging is that it allows for monitoring of intracellular dynamics of cAMP dependent kinase in real time.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Anjaparavanda P. Naren: The implications of high content microscopy extend toward drug discovery, because once the program is set up, it can continuously image multiple wells without any human intervention.  
1.4. Chandrima Sinha: Though this method can provide insight into cell migration, it can also be applied to other systems, such as live-cell non perturbing high content imaging for immune-cell killing, cell proliferation, angiogenesis, chemotaxis, clonal dilution and 3D spheroid.

*Introductory statement is only used when the individual performing the experiment is not speaking an interview statement, and has been deleted accordingly.

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

1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Cincinnati Children’s Hospital Medical Center.


Protocol (read by voice talent at JoVE):

2. Preparation of Cells and Creating a Wound
2.1. To prepare cells for high content microscopy, under a cell culture hood [2.1.1-WIDE], use a 1% fibronectin solution in PBS to coat the wells of a 96-well plate [2.1.2-MED/CU].  Incubate the plate in a CO2 incubator at 37 degrees C for 2 hours [2.1.3-WIDE].
2.1.1. Talent sitting at cell culture hood about to coat wells of plate
2.1.2. Talent opens bottle or tube of labeled fibronectin in PBS and adds to wells of plate
2.1.3. Talent places plate into incubator; B need another version for 2.3.1 below; C need another version for 4.1.2 below; D need another for 4.2.3 below
2.2. Aspirate the fibronectin solution from the wells [2.2.1-CU].  Then after resuspending Mrp4-/- and Mrp4+/+ cells according to the text protocol [2.2.2-CU], use a hemocytometer to count the cells [2.2.3-MED].  Then seed 30,000 cells into each well [2.2.4-CU-TXT].
2.2.1. Film as written
2.2.2. Talent finishes resuspending cells in complete medium
2.2.3. Talent at scope places hemocytometer on stage and looks at cells
2.2.4. Film as written (TEXT: ensure all wells are filled with solution)
2.3. Grow the cells to 100% confluence for 24 hours [2.3.1-WIDE-TXT].
2.3.1. Use 2.1.3B here (TEXT: 37°C, 5% CO2)
2.4. After confirming 100% confluence [2.4.1-LM], place the plate inside the wound making tool on the metal base plate and press the 96-well pin block down [2.4.2-CU].  
2.4.1. LAB MEDIA of confluent plate of cells
2.4.2. Film as written
2.5. Then using PBS, wash the wells three times to remove any dislodged cells [2.5.1-CU], and add 100 ul of complete medium to the cells [2.5.2-CU].  After adding test compounds according to the text protocol [2.5.3-MED/CU], place the assay plate inside the reader at 37 degrees C and monitor migration over the experimental period [2.5.4-MED/CU]. 
2.5.1. Talent adds PBS to was wells
2.5.2. Film as written
2.5.3. Talent finishes adding test compounds with labeled compounds in background
2.5.4. Talent places plate into reader with temperature visible if possible
3. Monitor Cell Migration and Data Analysis
3.1. Using software provided with the high-content microscopy system [3.1.1-MED OVER SHOULDER], select the 10X objective and under the ‘schedule scan’ tab, set the software to scan the assay plate every hour for migration assays [3.1.2-SCREEN].
3.1.1. Talent at computer opens software
3.1.2. Talent selects 10x objective 
3.1.3. Talent chooses schedule scan tab and sets software to scan the assay plate every hour for migration assays
3.2. Select the tray and for vessel type, choose ‘96-well microplate’ and for experiment type, choose ‘Scratch Wound’ [3.2.1-SCREEN].
3.2.1. Talent selects tray for vessel type and chooses 96-well plate, then chooses scratch wound for experiment type
3.3. Next, define the phase-contrast imaging parameters [3.3.1-SCREEN].  Then use the ‘edit scan pattern’ option and select the wells that need to be scanned [3.3.2-SCREEN-TXT].
3.3.1. Talent defines phase contrast imaging parameters 
3.3.2. Talent uses edit scan pattern option and selects wells that need to be scanned (TEXT: refer to text protocol for additional details)
Comment: select 10X objective will go to step 3.1. 
Steps 3.1, 3.2 and 3.3 were filmed together)
3.4. After the scanning is complete, select the ‘vessel view’ tab for the assay plate [3.4.1-SCREEN].  Then go to the ‘analysis job utilities’ tab and select ‘launch new analysis job’ [3.4.2-SCREEN].
3.4.1. Talent selects vessel view tab for assay plate
3.4.2. Talent selects launch new analysis job in analysis job utilities tab
3.5. Make a single click on each well to select it for analysis and click ‘OK’ to initiate the analysis [3.5.1-SCREEN].  When the analysis is complete, choose ‘export to the graph’ to graphically visualize relative wound density data for each well [3.5.2-SCREEN].  
3.5.1. Talent finishes clicking on wells and clicks OK to initiate analysis
3.5.2. Talent chooses export to the graph and relative wound density data appears for each well
4. Forster Resonance Energy Transfer
4.1. To prepare cells for Forster resonance energy transfer, or FRET, after plating HEK293 cells on fibronectin coated glass bottom dishes according to the text protocol [4.1.1-MED/CU], grow the cells to 60-70% confluence in a CO2 incubator at 37 degrees C for 24 hours [4.1.2-WIDE].
4.1.1. Talent under hood finishes plating cells on fibronectin coated glass bottom dishes
4.1.2. Use 2.1.3C here
4.2. Then, following the preparation of a transient transfection reagent according to the text protocol [4.2.1-CU], add 507 ul of the DNA-lipid conjugate with medium to the cells and mix gently [4.2.2-CU-TXT].  Incubate the transfected cultures for 48 hours (TEXT: 37°C, 5% CO2).
4.2.1. Talent under hood places transfection reagent onto bench (TEXT: 2 µg DNA and 5 µL lipid for 10K - 50K cells/plate)
4.2.2. Talent adds reagent with medium to wells of plate and mixes gently
4.2.3. Use 2.1.3D here
4.3. To carry out live cell imaging, remove the growth medium [4.3.1-CU] and use prewarmed HBSS to wash the cells two times [4.3.2-CU-TXT].  Add a final volume of 1.9 ml of HBSS to the washed cells [4.3.3-CU] and mount them on an inverted wide-field microscope system for FRET imaging inside a custom-made 37°C heated chamber [4.3.4-MED/CU].
4.3.1. Film as written
4.3.2. Talent adds HBSS to cells and washes (TEXT:  37°C)
4.3.3. Talent adds 1.9 ml of HBSS to wells of cells
4.3.4. Talent at microscope places plate of cells into heated chamber
4.4. With a 60X objective, manually focus on the cells and set an optimal field of view [4.4.1-SCREEN].  Then using the Focus ‘F’ option in the software [4.4.2-SCREEN], activate the selected field of view on the computer screen [4.4.3-SCREEN]. 
4.4.1. Talent manually focuses on cells and chooses a field of view, having objective and focusing knob in view if possible
4.4.2. Talent uses F focus in software
4.4.3. Talent activates field of view and it shows up on screen 
4.5. To perform FRET measurements, manually select the proper filter set as outlined here [4.5.1-SCREEN-TXT].
4.5.1. Talent selects proper filter sets as listed in text (TEXT:  double dichroic beam splitter; CFP/YFP filter set with a 430/25-nm excitation filter; two emission filters (470/30-nm for CFP and 535/30-nm for FRET)), Editor, make a bulleted list of the text. 
Comment (Section 4.4 and 4.5 were filmed together)
4.6. Next, visualize fluorescence by first checking on the channel option CFP/YFP/FRET then click on the ‘open fluor’ tab [4.6.1-SCREEN].  In the camera tab, use the intensification tool to improve the signal intensity [4.6.2-SCREEN].
4.6.1. Talent clicks on channel option then clicks open fluor tab
4.6.2. Talent clicks camera tab and uses intensification tool to improve signal intensity
4.7. Select cells expressing pmAKAR3 or pmAKAR3-TA, avoiding saturation of the signal intensity [4.7.1-SCREEN].  Then use the ‘capture’ window to initiate FRET measurements [4.7.2-SCREEN].
4.7.1.  Talent selects cells expressing either pmAKAR3 or pmAKAR3-TA avoiding saturation
4.7.2. Talent uses capture window to initiate FRET measurements
4.8. Then select the time-lapse option and set up a time-scan for 30 minutes with a 30 second interval [4.8.1-SCREEN].  Check the FRET option and set the exposure time to 100 ms [4.8.2-SCREEN].  Then enter the image label and press ‘start’ to initiate the measurement [4.8.3-SCREEN].
4.8.1. Talent selects time lapse option and sets up a time scan with 30 second interval
4.8.2. Record as written
4.8.3. Record as written
4.9. Following the recording of five time points and the establishment of a baseline, without disturbing the plate, add 25 uM forskolin [4.9.1-CU-TXT] and monitor the cells for 30 minutes [4.9.2-MED OVER SHOUDER].
4.9.1. Talent adds forskolin to cells (TEXT: 5 µL of 10 µM in 100 µL HBSS)
4.9.2. Talent at computer monitoring cells on screen with microscope visible 
4.10. Kavisha Arora, For step 4.9 The most difficult part is to add forskolin.  We add forskolin diluted in HBSS to ensure homogeneous distribution and we add it on the side farthest from the field of focus without disturbing the plate, so that the same cell can be monitored pre and post treatment [4.10.1-INTERVIEW].
4.10.1. Talent reciting the above statement looking off camera

5. Data Analysis
5.1. To analyze the data, in the ratiometric calculation module and on the left-hand side of the image window, click on the select tool and from the drop down menu, choose a solid rectangle [5.1.1-SCREEN].
5.1.1. Talent chooses ratiometric mode then clicks on the select tool and from drop down menu chooses solid rectangle tool  
5.2. Drag the rectangle on the image field in a cell free area and right click on it to set it as background for subtraction [5.2.1-SCREEN].
5.2.1. Talent drags rectangle on the image field in a cell free area and right clicks on it to set it as background for subtraction
5.3. Select the ‘Mask’ tab and use the ‘create a new mask’ option [5.3.1-SCREEN].  Then click on the select tool and from the drop down menu, choose a pen to manually draw around the cell to select it for measurement.  Select at least 4 – 6 cells per condition [5.3.2-SCREEN].
5.3.1. Talent goes to mask and uses create a new ask
5.3.2. Talent clicks on select tool and chooses pen from drop down menu to manually draw around the cell to select it for measurement
5.4. Under the ‘Mask’ tab, perform mask statistics [5.4.1-SCREEN].  Then check ‘Entire Mask,’ expand the cross channel option and select donor normalized FRET. The N-FRET value is representative of PKA activity at the plasma membrane [5.4.2-SCREEN-TXT].
5.4.1. Talent selects mask tab and performs mask statistics 
5.4.2. Talent checks ‘entire mask’, expands the cross channel option and selects donor normalized FRET (TEXT: N-FRET, FRET/CFP)  
5.5. Finally, using the annotations, add time stamps [5.5.1-SCREEN], a look-up table [5.5.2-SCREEN] and scale bars [5.5.3-SCREEN].
5.5.1. Talent uses annotations and adds time stamps to current image file
5.5.2. Talent adds a look-up table to current image 
5.5.3. [bookmark: _GoBack]Talent adds scale bars 
Results: MRP4 Regulation of Fibroblast Migration
5.6. In this figure MEFs isolated from Mrp4-/- mice migrated at a higher rate than Mrp4+/+ MEFs. The wounds were completely healed in less than 15 h for the Mrp4-/- MEFs, whereas the Mrp4+/+ MEFs required almost 20 h to cover the wounds [6.1.1-LM].
5.6.1. LAB MEDIA Figure 2, Editor, for Mrp4-/- migrated at a higher rate, point out the distance between the two vertical lines in the bottom panels for Mrp4-/- coming closer together at a faster rate than the vertical lines in the top panels and that the lines disappeared in the 15h panel for the -/- sample versus 20h in the top panels.
5.7. To monitor the polarized accumulation of PKA activity at the leading edge of migrating cells, the pmAKAR3 FRET-based sensor was used.  As shown here, cells overexpressing pmAKAR3 displayed an increase in FRET signal in response to PKA-inducing forskolin treatment [6.2.1-LM].
5.7.1. LAB MEDIA Figure 3, Editor, for the second sentence, point out the bright green panel in the left set of panels (pmAKAR3 – 15 min after addition of Forskolin).  
5.8. However, as demonstrated in this example, the FRET signal in cells overexpressing pmAKAR3-TA remained at basal levels, indicating that pmAKAR3 is specific for monitoring PKA activity [6.3.1-LM].
5.8.1. LAB MEDIA Figure 3, Editor, point out the right hand panel in the pmAKAR3-TA samples here, showing that no green signal appeared.


6. Conclusion (said by authors on camera)

6.1. Chandrima Sinha: Once mastered, this technique can be done within one day if it is performed properly.
6.2. Kavisha Arora: While attempting this procedure, it’s important to remember to place the plate properly in the wound maker to obtain uniform wounds.
6.3. Chandrima Sinha: After its development, this technique paved the way for researchers in the field of cell biology to explore physiological events like migration, proliferation, chemotaxis and angiogenesis in primary cells or cell lines and in 3D spheroids.
6.4. Kavisha Arora: After watching this video, you should have a good understanding of how to monitor cell migration in a continuous and high throughput fashion.
6.5. Chandrima Sinha: Don't forget to clean the wound maker after use and store it properly in the holder to avoid any damage to the pin.   
   

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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