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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. __2.8. 3.4, 3.5, 4.1, 4.2___________________

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._2.8 Isolation of intact binding proteins. Pre-preparation of the quenching tube and speed are the key factors._____________________

E.  Will the filming need to take place in multiple locations? (Y/N) _No____ 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 compare the relative affinities of protein binding-partners for Rho-family GTPases under carefully controlled nucleotide-loading conditions. (Intro)
This is accomplished by first purifying putative competitive binding partners, each labeled with the same tag, for example green fluorescent protein, or GFP. (P1)
Editors, please use P1 of “1_Bass_Figure1_v2.ai” as this point is narrated.  Alter the illustration so the GFP, Rac1-binding Protein A, and Rac1 binding Protein B are represented by a labeled oval, colored shape.  The GFP can be represented by a green oval shape here.  Bring in the illustrations and omit the arrows/text.

The second step is to purify the GTPase of interest, for example Rac1, and load with the appropriate nucleotide to achieve the desired GTPase signaling state. (P2)
Editors, please use P2 of “1_Bass_Figure1_v2.ai” as this point is narrated.  Alter this illustration by making the GST component a labeled green oval as before.  Also change the Rac1 protein to be represented by a labeled oval shape of a new color.  Bring in the illustration of the protein and then bring in the “Dyna Bead” to bind the protein.  Omit the arrows/text. 

Next, the nucleotide-loaded GTPase is incubated with a fixed amount of one binding competitor and increasing amounts of the other binding competitor to achieve a titration binding curve. (P3)
Editors, please show the curve to the bottom right corner of P4 of “1_Bass_Figure1_v2.ai” as this point is narrated. 

The final step is to resolve proteins bound to immobilized GTPase by Western blot, and probe the membrane for the GFP tag that is shared between the two binding partners. (P4)
Editors, please show the gel in the bottom left corner of P4 of “1_Bass_Figure1_v2.ai” as this point is narrated. Omit the red arrow and label.  

Ultimately, the Western blot is used to identify the relative concentrations at which similar amounts of each GFP-tagged binding partner is captured by the GTPase. (P5)
Editors, start with where P4 left off and bring in the red arrow and label.  Then transition to “53254_Bass_Figure5.ai.” 
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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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. MDB: The main advantage of this technique over existing methods, like co-immunoprecipitation, is that the protein-binding properties of GTPases are dictated by the bound nucleotide. In the cell the bound nucleotide is labile, making interpretation of protein-binding data difficult [1.1.1 – MED].   
1.1.1. Mark speaks toward the camera, interview style.
Protocol (read by voice talent at JoVE):

2. Purification of GTPase-binding proteins
2.1. Begin this procedure with purification of GST-tagged GTPase and expression of GTPase binding proteins as detailed in the text protocol [2.1.1 – Title Card].
2.1.1. Title Card
2.2. Rinse the flasks of transfected cells in phosphate buffered saline, or PBS, and drain the flask for 5 minutes, aspirating the free liquid [2.2.1 – MED].
2.2.1. Talent rinses the flasks with PBS from a labeled container, and sets to drain.
2.3. Then, scrape off the cells in 500 microliters of lysis buffer into a microfuge tube [2.3.1 – CU].  Mix the cells to lyse by inversion at 4 degrees Celsius for 30 minutes [2.3.2– MED-over the shoulder].
2.3.1. Flask and microfuge tube as talent scrapes the cells into the tube.  TEXT Overlay:  see text for lysis buffer recipe
2.3.2. Talent sets the tubes up to be inverted at 4 degrees Celsius.
2.4. During the lysis, wash two lots of 40 microliters of GFP-Trap beads three times with fresh lysis buffer [2.4.1 – CU].  Sediment the beads at 2,700 times g for 2 minutes between washes [2.4.2 – MED-over the shoulder].
2.4.1. GFP-Trap beads as talent washes with fresh lysis buffer from a labeled container.
2.4.2. Talent places the tubes into the centrifuge and starts the run.
2.5. Following lysis, clarify the lysates by centrifugation at 21,000 times g for 10 minutes [2.5.1 – MED].
2.5.1. Talent places the lysates into the centrifuge, closes the lid, and starts the run.
2.6. Transfer the clarified lysate of each of the competitor proteins to separate washed GFP-trap beads [2.6.1 – MED-over the shoulder].  Allow GFP-fusion proteins to bind for 2 hours, mixing by inversion at 4 degrees Celsius [2.6.2 – CU].  
2.6.1. Talent transfers the clarified lysate of each of the competitor proteins to separate washed GFP-trap beads.  TEXT Overlay:  keep lysate from GFP-TrioD1 cells on ice
2.6.2. Tubes as they are inverted while incubating.
2.7. Wash the loaded GFP-Trap beads twice in lysis buffer and twice in competition binding buffer, sedimenting beads at 2,700 times g for 2 minutes between washes [2.7.1 – MED].
2.7.0 Talent places the tubes into the centrifuge and starts the run.
2.7.1. Talent washes the beads.  Include the labeled containers in view.  TEXT Overlay:  see text for competition binding buffer recipe 
2.8. Elute GFP-fusion proteins by adding 40 microliters of 0.2 Molar glycine and pipetting up and down for 30 seconds [2.8.1 – CU].  Immediately sediment the beads at 21,000 times g for 60 seconds [2.8.2 – MED] and transfer the liquid to a new microfuge tube containing 4 microliters of 1 Molar Tris-HCl.  Perform this step quickly to limit damage to the purified protein [2.8.3 – MED-over the shoulder].
2.8.1. Tubes as talent adds 40 microliters of 0.2 Molar glycine and pipettes up and down.
2.8.2. Talent places the tubes in the centrifuge, shuts the lid and starts the run.
2.8.3. Tubes with 1M Tris-HCl as talent transfers the liquid there.
2.9. Analyze 1 microliter of each purified protein by Western blot and probe with an anti-GFP antibody to establish the relative yield using a quantitative blotting system according to the manufacturer’s protocol [2.9.1 – SCREEN].
2.9.1. *To be submitted by authors: 53254_Bass_2.9.1 – Screen capture movie as talent quantifies the relative yield using a quantitative blotting system.  
2.10. Equalize molar protein concentration by the addition of competition binding buffer [2.10.1 – MED].
2.10.1. Talent equalizes the molar protein concentration by the addition of competition binding buffer from a labeled container.
3. Nucleotide loading of GTPase
3.1. Take 90 microliters of prepared GST-Rac1 beads and wash three times with Nucleotide-loading buffer [3.1.1 – MED] using a magnetic particle sorter to precipitate the beads at each step [3.1.2 – CU].
3.1.1. Talent washes the beads with Nucleotide-loading buffer from a labeled container.  TEXT Overlay:  see text for Nucleotide-loading buffer recipe and preparation of GST-Rac1 beads
3.1.2. Magnetic particle sorter as talent places the tubes there to precipitate the magnetic beads.
3.2. Aspirate the buffer from the beads and add 100 microliters of Nucleotide-loading buffer [3.2.1 – MED-over the shoulder]. 
3.2.1. Film as written.
3.3. According to whether GDP, GTP or no nucleotide loading is required for the competition experiment, add 12 microliters of 100 milliMolar GDP, 12 microliters of 10 milliMolar GTPγS (pronounced as “G-T-P-gamma S”) or no nucleotide to 60 microliters of GST-Rac1 beads [3.3.1 – CU].
3.3.1. Tube of GST-Rac1 beads as talent adds the nucleotide to the tube.  Use labeled containers.
3.4. For the nucleotide-loading controls, split the remaining beads into three 10 microliter aliquots [3.4.1 – MED-over the shoulder] and add 2 microliters of 100 milliMolar GDP, 2 microliters of 10 milliMolar GTPγS or no nucleotide to each tube [3.4.2 – CU].
3.4.1. Talent splits the remaining beads into 3 10 microliter aliquots
3.4.2. Tubes as talent adds 2 microliters of 100 milliMolar GDP, 2 microliter 10 milliMolar GTPγS or no nucleotide to each tube.
3.5. Incubate the bead mixes for 30 minutes at 30 degrees Celsius with agitation [3.5.1 – MED].  Stabilize the nucleotide-bound Rac1 by addition of 1 Molar magnesium chloride to the experimental mix and the control mixes [3.5.2 – MED-over the shoulder].
3.5.1. Talent leaves the bead mixes to incubate at 30 degrees Celsius with agitation.
3.5.2. Talent adds 1M MgCl2 to the tubes from a labeled container.
4. Competition binding
4.1. To perform the competition binding, set up 6 microfuge tubes, each containing 200 microliters of competition binding buffer [4.1.1 – MED].  Each tube should also contain 10 microliters of the nucleotide-loaded Rac1 beads and 5 microliters of the Rac1-binding protein A as the constant binding protein [4.1.2 – CU].
4.1.1. Talent sets up 6 tubes and adds 200 microliters of competition binding buffer.  Use labeled containers.
4.1.2. Tubes as talent adds 10 microliters of the nucleotide-loaded Rac1 beads and 5 microliters of the Rac1-binding protein A as the constant binding protein.  Use labeled containers.
4.2. To each tube, add 0, 1, 2.5, 5, 10 or 20 microliters of Rac1-binding protein B as the variable binding protein.  These volumes assume approximately equal stock concentrations of the constant and variable binding proteins and may need to be adjusted [4.2.1 – MED-over the shoulder/CU]. 
4.2.1. Multiple takes as talent adds the variable amounts of Rac1-binding protein B to the tubes from a labeled container.  Use shots here to cover narration.  TEXT Overlay:  Determine empirically if volumes of protein A and protein B need to be adjusted.
4.3. Make up the total volume of the binding mixture to 235 microliters by addition of the competition binding buffer [4.3.1 – CU].
4.3.1. Tubes as talent pipettes the competition binding buffer into the tubes from a labeled container. 
4.4. Next, set up a microfuge tube containing 200 microliters of the competition buffer, 10 microliters of experimental nucleotide-loaded Rac1 beads and 10 microliters of Rac1-binding protein A [4.4.1 – MED-over the shoulder].
4.4.1. Talent sets up a labeled microfuge tube by adding 200 microliters of the competition buffer, 10 microliters of experimental nucleotide-loaded Rac1 beads and 10 microliters of Rac1-binding protein A from labeled containers.
4.5. Then, set up the GDP, GTPγS and no nucleotide control tubes as described in the text protocol [4.5.1 – MED].
4.5.1. Talent sets up the GDP, GTPγS and no nucleotide control tubes
4.6. Incubate the tubes for 2 hours, mixing by inversion at 4 degrees Celsius [4.6.1 – CU].  Following incubation, wash the beads three times with the competition binding buffer [4.6.2 – MED].  Finally, elute the bound proteins in 20 microliters of reducing sample buffer [4.6.3 – MED-over the shoulder].
4.6.1. Tubes as they mix by inversion at 4 degrees Celsius. 
4.6.2. Talent washes the beads.
4.6.3. Talent adds the reducing buffer to the tubes from a labeled container.  TEXT Overlay:  see text for reduced sample buffer recipe
5. Results: Determination of the relative binding affinities of RCC2 and coronin-1C for Rac1
5.1. Quantitative Western blotting of the GFP tag of purified GFP-RCC2 and GFP-coronin1C propeller domain reveals that the protein in the upper band, GFP-RCC2, is 1.4 times more abundant than the lower band, and should be diluted to achieve a 1 to 1 molar ratio for the competition experiment [5.1.1 – LM]. 

5.1.1. 53254_Bass_Figure2.ai.  Editors, please highlight the band labeled “GFP-RCC2” as narrated and the band labeled “GFP-coronin1C” as narrated.
5.2. A control experiment demonstrates that the nucleotide-loading status of Rac1 dictates the binding specificity [5.2.1 – LM]. 
5.2.1. 53254_Bass_Figure3.ai

5.3. Titrating increasing volumes of GFP-RCC2 against a fixed volume of equimolar GFP-coronin1C propeller domain and blotting the proteins that bind to Rac1 allows the relative change in bound protein to be visualized [5.3.1 – LM]. 
5.3.1. 53254_Bass_Figure4.ai

5.4. Plotting the GFP band intensities for both competitors on the same graph and identifying the point at which the lines intersect allows the volume of variable binding protein at equilibrium to be identified [5.4.1 – LM]. 
5.4.1. 53254_Bass_Figure5.ai.  Editors, please highlight the spot with the 2 lines intersect and drop a line to the x-axis.
5.5. However, care must be taken to ensure that issues such as interaction between competitors or excess bait GTPase do not compromise the experiment.  Increase in one competitor, without loss of the other, as shown here, indicates a problem [5.5.1 – LM]. 
5.5.1. 53254_Bass_Figure6.ai
6. Conclusion (said by authors on camera)
6.1. MDB:  While attempting this procedure, it’s important to remember to check that there is a reciprocal relationship between the abundance of competing binding partners. There are a number of issues that can distort the result, and all can be resolved as long as they are identified by inspecting the data [6.1.1 – MED].
6.1.1. Mark speaks toward the 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.
1 – 53254_Bass_Figure1_v2.ai (schematic)

5.1 – 53254_Bass_Figure2.ai

5.2 – 53254_Bass_Figure3.ai

5.3 – 53254_Bass_Figure4.ai

5.4 – 53254_Bass_Figure5.ai

5.5 – 53254_Bass_Figure6.ai

SCREEN Capture Movie:

53254_Bass_2.9.1 – Screen capture movie as talent quantifies the relative yield using a quantitative blotting system.  
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.
( 2013, Journal of Visualized Experiments


