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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)____NO_____  (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)____NO____ 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. ______________Step 4, as the rest are common lab procedures (cell culture, transfection, etc.) ____________________________

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._______Step 4, following procedure exactly and not washing beads too harshly.  We try to wash the beads quickly, not allowing them to dry on the side of the tube or remain on the magnet too long._______________(Authors, please describe what you do to ensure success)
E.  Will the filming need to take place in multiple locations? (Y/N) ___YES____ If yes, how far apart are the locations? __________Two different rooms, a few doors down from each other_________________________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

0. Conceptual Narrative:

0.1. The overall goal of this procedure is to test the ability of protein ectodomains to mediate homophilic adhesion.
0.1.1. Title screen

0.2. To achieve this, plasmids encoding the fusion of an ectodomain fragment to the Fc region of human IgG are transfected into HEK293 cells. 
0.2.1. LAB MEDIA:  51762_Jontes_Figure1A (Bottom)
0.2.2. LAB MEDIA:51762_Jontes_SchematicOverview (1)  ANIMATION:  Show the map  become part of a circular plasmid, multiply, then make the Petri dish (without little dots in it) appear and drop the shrunken plasmids into it.  Make the plasmids disappear, then, make the dots (gradually, not all at once) appear in the Petri dish

0.3. The secreted ectodomain-Fc fusion proteins are captured on magnetic beads conjugated to Protein G and, following a wash, the coated beads are allowed to interact in solution. 

0.3.1. JoVE MEDIA: Pipette

0.3.2. LAB MEDIA: 51762_Jontes_SchematicOverview (2) ANIMATION:  Show a pipette transfer the liquid (with dots) from Petri dish into test tube.   Then show the addition of magnetic beads (large circles without dots stuck to them).   The dots then begin to move to and stick to the large circles (as in (3).  Then the pink medium with dots in it changes to clear (with no dots- as in (4)  and the coated beads (dot covered circles) aggregate as in (5)
0.4. The coated beads are then imaged to assess the extent of aggregation and, finally, quantified using simple image analysis. 
0.4.1. JoVE MEDIA:  An illustration of a microscope
0.4.2. LAB MEDIA: 51762_Jontes_Figure2B
0.5. The resulting data reveal whether the protein under study is capable of mediating homophilic adhesion.
0.5.1. LAB MEDIA:  51762_Jontes_Figure2C
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1.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. James Jontes: “The main advantages of this technique over existing methods, like cell aggregation assay, is that it is quick, simple and directly tests the adhesive activity of the chosen protein.  
1.1.1. Interview style: Author saying the above
1.2. James Jontes: Demonstrating the procedure will be Michelle Emond a research scientist from my laboratory. 

1.2.1. Michelle looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):

2. Cell culture 
2.1. Begin this procedure by preparing the cultured cells for N-cadherinEC-Fc.  Two to three days prior to transfection, use 0.05% Trypsin-EDTA to detach HEK293 cells from culture dishes.  
2.1.1. MED:   Talent, working at cell culture hood adds trypsin to the cell culture flasks dishes
2.2. Prepare two 100 mm dishes for each condition. (Text overlay: DMEM+10% FBS and pen/strep)  Split the cells 1 to 5 and then culture them in supplemented growth medium.  Incubate the cells at 37(C with 5% CO2 until they are 60-80% confluent. 
2.2.1. CU:  Talent labels dishes for each condition

2.2.2. CU:  Talent pipettes cells into each dish

2.2.3. MED:  Talent places the cells in the incubator

2.2.4. LAB MEDIA:  51762_Jontes_CellCulture (Authors, please provide an image of your cells at the appropriate confluence)
2.3. On the day of the transfection, use a reagent such as Lipofectamine to introduce a plasmid encoding Fc-fusion. (Text overlay: Alternative transfection methods that result in comparable transfection efficiencies may also be used)  
2.3.1. MED:  Talent performs a recognizable step in the transfection procedure

2.3.2. LAB MEDIA as INSET:  51762_Jontes_Figure1A Top
2.4. After the transfection, return the cells to the incubator for 24 hours.
2.4.1. MED: Talent places cell culture flasks in the incubator  

3. Bead Aggregation
3.1. The day after the transfection, pre-warm DMEM with pen/strep and without Fetal Bovine Serum to 37(C.

3.1.1. MED:  Talent places the bottle of medium in a water bath

3.2. Rinse each dish 2 times with 10 mL of the warmed medium and then return the dishes to the 37(C incubator for 1 hour. 

3.2.1. CU:  Talent rinses a dish twice with growth medium  (Do 2 takes)
3.2.2. MED: Talent places cell culture flasks in the incubator (Do 2 takes) 
3.3. (Text overlay: DMEM +Pen/Strep –FBS)  After the incubation, rinse the culture dishes one more time with 10 mL of DMEM without Fetal Bovine Serum for a total of 3 washes.  Then, incubate the transfected cells at 37(C for another 48 hours before collecting the medium.
3.3.1. USE 3.2.1:  Talent rinses dish with growth medium-  show only one rinse

3.3.2. USE 3.2.2 Talent places cell culture flasks in the incubator  
3.4. Four days after transfection, use a serological pipet to collect the medium from each pair of culture dishes and transfer it to a 50 mL conical tube. Then, centrifuge the medium at 500 x g for 5 minutes to pellet the cellular debris.

3.4.1. CU:  Talent aspirates the medium from 2 dishes with the same label and pipettes it into a single 50 mL tube with the matching label.   

3.4.2. MED:  Talent places several tubes in a centrifuge, closes the lid and starts the spin.

3.5. (Text overlay: Amicon Ultra-15 10K.) After the spin, pour the medium from each 50 mL conical tube into a 30 mL syringe and filter it through a 0.45 m (micron) syringe filter into a centrifugal concentrator.  
3.5.1. CU:  Talent pours the medium from a 50 mL conical tube into a 30 mL syringe with a filter.   Talent  then pushes the solution through the filter into a centrifugal concentrator.
3.6. (Text overlay: 4000 x g and 4(C) Spin the centrifugal filters until the volume of concentrated culture medium has been reduced to approximately 500 (L.   This takes approximately 15 minutes.  Repeat this process until all of the culture medium has been added and concentrated.

3.6.1. CU:  Talent places centrifugal filters into a centrifuge, closes the lid and starts it.  (do 2 takes)

3.6.2. CU:  Talent shows that the volume has been reduced to 500 (L.   

3.6.3. CU:  Talent adds more medium

3.6.4. USE 3.6.1 Talent places centrifugal filters into a centrifuge, closes the lid and starts it.  

3.7. Next, in a 1.5 mL microcentrifuge tube for each sample, add 1.5 l of Protein G magnetic beads to 1 mL of ice cold Binding Buffer. 

3.7.1. CU:  Talent adds Protein G beads to binding buffer
3.8. Author: “The most difficult aspect of this procedure is the bead aggregation.  To ensure success, be sure to follow the procedure exactly and wash the beads quickly, but not too harshly.  They should never be allowed to dry on the side of the tube or remain on the magnet too long.”

3.8.1. Author looks up from adding magnetic beads to binding buffer and says the above line.

3.9. Place the tube on a magnet and, using a pipette, aspirate the buffer.  Then, immediately add the concentrated culture medium to the Protein G magnetic beads. Rotate the tubes at 4(C for 2 hours.

3.9.1. CU:  Talent places tube on magnet and aspirates buffer.  Talent immediately adds concentrated culture medium.  

3.9.2. MED:  Talent places the tubes on a rotator

3.10. Place the tubes on a magnet and remove the medium.  Quickly wash the beads twice with 1 mL of ice-cold Binding Buffer, and then, resuspend the beads in 300 L of Binding Buffer.  

3.10.1. CU:  Talent places the tubes on a magnet and removes medium.  Talent then washes the beads twice with binding buffer, then resuspends beads in binding buffer.
3.11. Split the resuspended beads into 2 tubes with 150 L into each tube.  (Text overlay: 200 mM CaCl2  or 200 mM EDTA) Then add 1.5 L of calcium chloride or EDTA for the “calcium” and “no calcium” conditions, respectively.   

3.11.1. CU:  Talent splits resuspended beads into 2 tubes then adds CaCl2 or EDTA to respective tubes (Tubes should be appropriately labeled and visible.) 

3.12. Transfer 100 (L from each condition to a depression well slide.  Using a transmitted light microscope, collect images from 5 fields of view for each experiment at each desired time point. 

3.12.1. CU:  Talent transfers cells to depression well slide

3.12.2. MED:  Talent seated at microscope, images cells

4. Data Analysis
4.1. Using ImageJ, or comparable image analysis software, open one of the five image datasets.  In ImageJ, in the dropdown menu at the top of the screen select "File", then select "Import", then "Image Sequence…". Find the folder containing the image files, then open them as an image stack.
4.1.1. MED:  Talent seated at computer, opens ImageJ
4.1.2. SCREEN CAPTURE:  Talent clicks on file, import, image sequence.  Talent then finds the folder containing the image files and opens them as an image stack.
4.2. Next, in the dropdown menu bar, click on “image”, then select “properties” to open the properties window.  There, change the image units to pixels and set the Pixel Width and Pixel Height to 1.0.
4.2.1. SCREEN CAPTURE:  Talent clicks on image, then properties and the properties window opens.  Talent then changes the image units to pixels and sets the pixel width and pixel height to 1.0. 
4.3. Click on “Image” again.   Select “Adjust”………then "Threshold" to open the Threshold window and use the slider to adjust the image threshold.  Include pixels that contribute to beads and exclude background and small particles.  Apply the threshold to all of the images in the image stack.  

4.3.1. SCREEN CAPTURE:  Talent clicks on image, then selects adjust, then threshold and the threshold window opens.   Talent then uses the slider to adjust the image threshold and applies to all the images in the stack.

4.4. Next, in the dropdown menu bar at the top of the screen, click on "Analyze", then select "Set Measurements…" to open the Measurements dialog box.  Using the check boxes, select "Area" and "Stack Position".
4.4.1. SCREEN CAPTURE:  Talent clicks on analyze, then select measurements and the measurements dialog box opens.   Talent the selects area and stack position boxes.
4.5. At the top of the screen, click on "Analyze", then select "Analyze Particles…". This will generate a list of identified particles, including their size and the image in which they were identified.

4.5.1. SCREEN CAPTURE:  Talent clicks on analyze then, selects analyze particles.   A list of identified particles and size appears
4.6. Repeat this process for each experiment and experimental condition. (Authors, please briefly mention what you will do with the list once you have it-  save?  Export to excel for analysis?)

4.6.1. MED:  Talent begins repeating this process for the next experimental condition
5. Determining the calcium-dependent adhesive ability of zebrafish N-cadherin
5.1. (Text overlay: NcadEC-Fc) To determine the calcium-dependent adhesive ability of zebrafish N-cadherin, HEK293 cells were transfected with the N-cadherin ectodomain fused to Fc, and, following calcium-dependent bead aggregation, cells were imaged and analyzed as described in this video.

5.1.1. LAB MEDIA: 51762_Jontes_Figure 1A  
5.2. As can be seen in these images, in the absence of calcium, the beads exhibit little or no tendency to aggregate and there is no increase in aggregate size with time.

5.2.1. LAB MEDIA: 51762_Jontes_Figure 1A 
5.3. In the presence of calcium, however, beads coated with NcadEC-Fc show robust aggregation, with aggregate size increasing over time.
5.3.1. 51762_Jontes_Figure 1B 

5.4. As a semi-quantitative measure of adhesion, the transmitted light images from 3 experiments were analyzed to determine the mean size of the aggregates.  

5.4.1. 51762_Jontes_Figure 2C

5.5. As seen in this plot, the aggregation of NcadEC-Fc coated beads in the presence of calcium (NOT READ: closed circles) and in the absence of calcium (NOT READ: open circles) was determined at 15-minute intervals over the course of an hour.

5.5.1. 51762_Jontes_Figure 2C  (Editor, please highlight the open circles and closed circles as they are noted above)
5.6. These data reveal that the ectodomain of zebrafish N-cadherin mediates calcium-dependent homophilic adhesion.  
5.6.1. 51762_Jontes_Figure 2C  
6. Conclusion (said by authors on camera)
6.1. James Jontes: After watching this video, you should have a good understanding of how to test whether the ability to mediate adhesion is an intrinsic, biochemical property of a protein of interest.
6.1.1. Interview style
Provided Media

51762_Jontes_SchematicOverview
51762_Jontes_CellCulture  (An image of HEK293 cells 60-80% confluent)
51762_Jontes_Figure 1A 

51762_Jontes_Figure 1B  

51762_Jontes_Figure 2C  

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.

� Authors to fill in details here. PLEASE DO NOT DELETE THIS COMMENT:   The lists are saved in a spreadsheet format that can be further analyzed in a program, such as Excel, Matlab or IgorPro.
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