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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 using the step numbers listed in this document.  3.6, 3.8, 3.13 – 3.14, 4.2, 4.3 – 4.4, 4.5 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.___4.2________________________

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 identify kinases that phosphorylate a substrate of interest using high throughput screening methods. (Intro)
This is accomplished by first transfecting cells with kinase plasmids in 96-well plates. (P1)
Editors, please use “Graphicoverview.pptx” (P1) to animate a multichannel pipette to transfer liquid from the dish with pink media to the 96-well plate by transferring liquid aspirating the media and expelling it into each of the rows of 12 wells.  There is a multichannel pipette on the DAM resource ID 3366.

The second step is to perform a glutathione S-transferase, or GST,-kinase pulldown with the substrate of interest. (P2)
Editors, please use “Graphicoverview.pptx” (P2) to animate a multichannel pipette to transfer liquid from the tube with clear solution to the 96-well plate.  In this case, since the multichannel pipette won’t fit into the tube shown, pour the tube into a reagent reservoir and then animate the transferring of liquid by aspirating the liquid and expelling it into each of the rows of 12 wells.  I’ve uploaded a picture of a reagent reservoir to their submission website to give an idea.  Again, there is a multichannel pipette on the DAM resource ID 3366.

Next, the samples are loaded into gels, which are then run and stained with Coomassie Brilliant Blue dye. (P3)
Editors, please use “Graphicoverview.pptx” (P3).  Alter the gel slightly by making the wells line up with the bands present in each lane shown in the right gel by either showing less lanes or more wells. The protocol calls for 26-well gels, but that may be too complex to show here.  Perhaps a 15-well gel that can be used with a 12 channel pipette (like the one of the DAM), leaving 3 extra wells (one of which the ladder can be run in).  Alternatively, a 10 well gel that can be used with an 8 channel pipette (like the one the authors have shown in P3).  DAM Resource ID #1214 can be modified for this purpose.  Animate the multichannel pipette loaded with blue liquid to come in and expel its contents into the wells.  Then transition to the image of the gel after it is run as the authors have provided to the right.

The final step is to dry the gels and expose them to autoradiography film. (P4)
Editors, please use “Graphicoverview.pptx” (P4).  Animate the movement of the gel from P3 and others like it into the cassette as shown in P4.  Then animate the closing of the cassette to result in the image to the bottom right shown in P4.

Ultimately, by developing and interpreting the resulting films, one is able to identify kinase substrate pairs as each lane is representative of a distinct kinase assay. (P5)
Editors, please use “Graphicoverview.pptx” (P5) here – the same as figure2  
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Rob:  Existing methods for identifying kinases for a known phosphorylated substrate include using bioinformatics to search for known kinase phosphorylation consensus sites, detecting complex formation with biochemical techniques, or using a trail-and-error approach to evaluate candidates based on their known biological functions.  These approaches are time-consuming and are not always successful.  Our screening approach permits rapid and systematic kinase:substrate pair identification using functional outcomes. 

1.1.1. MED:  Rob says above toward the camera, interview style.

1.2. Rob:  When we first had the idea for this method, we were concerned that there would be insufficient specificity, in that multiple kinases would phosphorylate a given substrate in vitro, making the identification of a unique kinase-substrate pair impossible.  As it turns out, specificity is excellent, and we often find related family members are the only kinases that target a given substrate.  This is particularly evident when we multiplex and use multiple substrates in the screen. 

1.2.1. CU:  Rob says above toward the camera, interview style.

1.3. **Rob:  Demonstrating the procedure will be Courtney, a technician from my laboratory.  

1.3.1. MED:  Rob says above toward the camera, interview style.

1.3.2. MED:  Courtney looks up from workbench or desk and acknowledges the camera.

Protocol (read by voice talent at JoVE):

2. Transfection 
2.1. Begin the procedure with preparation of reagents, plates and cells as described in the text protocol.  If plates containing kinase plasmids have been frozen, thaw at room temperature and centrifuge at 1900 x g for 3 minutes to collect any moisture at the bottom of wells.
2.1.1. Title Card.
2.1.2. MED:  Talent places the plates containing kinase plasmids into the centrifuge.
2.2. Mix 8.6 milliliters of reduced serum medium with 312.7 microliters of lipid-based transfection reagent and allow the mixture to sit for 5 minutes. 
2.2.1. CU:  Tube containing 8.6 milliliters of reduced serum medium as talent pipettes with 312.7 microliters of lipid-based transfection reagent into the tube.
2.3. To each well of the 96-well plate containing the kinase plasmids, add 10 microliters of the reduced serum medium using an automated liquid dispenser fitted with a small volume cassette.  
2.3.1. MED-over the shoulder:  Talent uses an automated liquid dispenser fitted with a small volume cassette to add 10 microliters of the reduced serum medium to a 96-well plate containing the kinase plasmids.
2.4. Then, add 10 microliters of the reduced serum medium/transfection reagent mix per well using an automated liquid dispenser fitted with a small volume cassette and allow the plate to sit for 20 to 45 minutes.
2.4.1. CU:  Wells on plate as talent adds 10 microliters of the reduced serum medium/transfection reagent mix per well using an automated liquid dispenser fitted with a small volume cassette. Start at 00:52.5
2.5. Next, resuspend 293T cells at 0.75 million cells per milliliter in 80 milliliters of complete Dulbecco's modiﬁed Eagle's medium, or DMEM.  Add 100 microliters of the cell suspension per well using an automated liquid dispenser fitted with a standard volume cassette. 
2.5.1. MED:  Talent resuspends the cells in DMEM.  Include labeled container in the shot.
2.5.2. CU:  Plate as talent adds 100 microliters of cell suspension per well using an automated liquid dispenser fitted with a standard volume cassette.
2.6. Check the wells under a microscope for uniform cell distribution before returning the plate to a 37 degrees Celsius incubator for 24 hours.
2.6.1. MED:  Talent checks the wells under a microscope.
2.6.2. WIDE: returning the plate to incubator
3. GST-Kinase Pulldown
3.1. To begin the GST-Kinase pulldown experiment, make a 4 milliMolar pervanadate (pronounced as “per-van-uh-deyt”) solution by mixing 60 microliters of 0.2 Molar sodium vanadate (pronounced as “van-uh-deyt”) with 540 microliters of water.  In a second tube mix 2.7 microliters of 30% peroxide and 1.4 milliliters of phosphate buffered saline, or PBS.  Add the two solutions together and let the mixture sit for 15 minutes before use. 
3.1.1. MED-over the shoulder:  Talent mixes mixing 60 microliters of 0.2 Molar sodium vanadate with 540 microliters water.  Use labeled containers.
3.1.2. CU:  Second tube as talent mixes the 30% peroxide and PBS.  Use labeled containers.
3.1.3. MED:  Talent combines the contents of the 2 containers.
3.2. Using a multichannel pipette dispense 2 microliters of 0.25 Molar Calcium Chloride in each well, followed by 2.5 microliters of the pervanadate solution.  Incubate each plate at 37 degrees Celsius for 10 minutes and then place on ice.
3.2.1. MED-over the shoulder:  Plate as talent adds Calcium chloride to each well.  Use labeled containers. Start at 01:14.5
3.2.2. CU:  Plate as talent adds the pervanadate solution to each well.  Use labeled containers. Start at 00:24.0
3.2.3. MED:  Talent places the plate into the incubator.
3.3. Keeping the plates on ice, remove the medium from each well using a vacuum.  Immediately add 50 microliters per well of ice cold lysis buffer using an automated liquid dispenser fitted with a standard cassette.  Let the plate sit for 30 minutes on ice to lyse.
3.3.1. MED-over the shoulder:  Talent removes the medium from each well using a vacuum (plate is on ice). Start at 00:33.0
3.3.2. CU:  Plate as talent adds 50 microliters per well of ice cold lysis buffer.  TEXT Overlay:  see text for lysis buffer preparation
3.4. After spinning the plates at 1900 x g for 3 minutes at 4 degrees Celsius, scrape the cells from each well using a multichannel pipette and transfer all contents to appropriately labeled V-bottom 96 well plates.  Spin the plates at 1900 x g for 10 minutes at 4 degrees Celsius.
3.4.1. MED:  Talent scrapes the cells and transfers the cells to the V-bottom 96-well.
3.4.2. MED-over the shoulder:  Talent places the plates into the centrifuge.
3.5. During the spin, fill glutathione coated plates with 100 microliters per well of ice cold lysis buffer as a rinse.  Keep the plates on ice. 
3.5.1. CU:  Glutathione coated plates as talent fills with 100 microliters per well of ice cold lysis buffer on ice.
3.6. Following centrifugation of the V-bottom plates, invert the glutathione plates over a sink to shake out the lysis buffer and blot on a paper towel.  Transfer the lysis buffer from the V-bottom plates to the glutathione plates by tilting the plate and using a multichannel pipette, being careful to not disturb the pellet at the bottom.  Then, cover the plates and leave on ice for a minimum of 2 hours to bind. 
3.6.1. MED-over the shoulder:  Glutathione plates as talent inverts over a sink to shake out the lysis buffer and then blots on a paper towel.
3.6.2. CU:  V-bottom plate as talent tilts the plate and uses a multichannel pipette to remove the lysis buffer and transfer to the glutathione plate.
3.6.3. MED-over the shoulder:  Talent leaves covered plates on ice.
3.7. Close to the end of the 2 hour binding step, prepare a radioactivity workstation, ensuring the necessary safety precautions are in place for radioactive work.  Set the hybridization oven to 30 degrees Celsius.
3.7.1. MED or WIDE:  Talent prepares the radioactivity workstation.
3.7.2. MED-over the shoulder:  Talent sets the hybridization oven to 30 degrees Celsius.
3.8. Invert the glutathione plates over a sink to shake out the lysis buffer and blot on a paper towel.  Rinse the wells 3 times with 100 microliters of lysis buffer without PMSF.  Do not let wells sit dry – keep them in the rinse until ready to proceed.
3.8.1. MED:  Talent inverts the glutathione plates over a sink and blots on a paper towel.
3.8.2. CU:  Plate as talent pipettes 100 microliters lysis buffer without PMSF into the wells, then removes it to rinse, and pipettes another 100 microliters lysis buffer into each well.  TEXT overlay:  PMSF: phenylmethylsulfonyl fluoride)
3.9. Next, prepare 55 milliliters of 1X kinase buffer, or 1X KB, as described in the text protocol.  Add 50 microliters of 1X KB to each well of the plate using an automated liquid dispenser fitted with a standard volume cassette.
3.9.1. MED-over the shoulder:  Talent labels a container of 1x KB.
3.9.2. CU:  Plate as talent pipettes 50 microliters of 1X KB using an automated liquid dispenser fitted with a standard volume cassette.  
3.10. Then, prepare Solution A by making a solution containing the substrate of interest and myelin basic protein, or MBP, as detailed in the text protocol.
3.10.1. MED:  Talent prepares Solution A.  Use labeled containers.
3.11. One at a time, invert the plates over a sink to remove the 1X KB rinse, blot on a paper towel, and immediately add 30 microliters of Solution A using an automated liquid dispenser fitted with a small volume cassette.  Keep the plates on ice. 
3.11.1. MED-over the shoulder:  Talent inverts one plate over a sink and blots on paper towel.
3.11.2. CU:  Plate as talent adds 30 microliters of Solution A using an automated liquid dispenser fitted with a small volume cassette.
3.12. Next, prepare Solution B in the radioactivity work area as described in the text protocol.  Add 20 microliters of Solution B per well using a repeater pipette which aids in mixing due to ejection force.  Cover and incubate the plate in a 30 degrees Celsius hybridization oven for 30 minutes.
3.12.1. MED-over the shoulder: Talent labels a container of Solution B in the radioactivity work area.
3.12.2. CU:  Plate as talent adds 20 microliters of Solution B per well using a repeater pipette. Take 2 end clip just before cover is put on plate
3.12.3. MED:  Talent places the covered plate into the 30 degree Celsius hybridization oven.
3.13. After 30 minutes, transfer the plates back to ice.  Then, add 50 microliters of 2X Sodium dodecyl sulfate, or SDS, lysis buffer to each well using a multichannel pipette.  
3.13.1. MED-over the shoulder:  Talent places the plates on ice.
3.13.2. CU:  Plates as talent adds 50 microliters of 2X SDS lysis buffer to each well using a multichannel pipette.
4. Running, Staining, and Drying Gels and Developing Films
4.1. All work in this section should be performed in an area designated for radioactivity.
4.1.1. Title Card.
4.2. Turn on the hybridization oven and set it to 85 degrees Celsius. Once the oven has reached temperature, transfer the plates to the oven and incubate for 10 minutes to denature the samples.
4.2.1. MED-over the shoulder:  Talent turns hybridization oven and sets the oven to 85 degrees.
4.2.2. MED:  Talent pulls the plates out of the freezer.
4.2.3. CU:  Plates as talent places them in the oven.
4.3. Next, load 26-well pre-cast gels with 15 microliters of each reaction using a multichannel pipette to fill several wells at once.  Care must be taken that all tips align with corresponding wells before adding the samples.  Run the gel at 150 volts; do not let the blue line run off of the bottom of the gel as this contains the unincorporated ATP. 
4.3.1. MED-over the shoulder:  Talent loads 26-well pre-cast gels with 15 microliters of each reaction using a multichannel pipette.  Continue action in next shot.
4.3.2. CU:  Pre-cast gel as talent loads with a multichannel pipette, perfectly aligning the tips and wells.
4.3.3. MED-over the shoulder: Talent sets the gel to run at 150 volts and starts the run.
4.4. Then, dismantle the gels and remove the unincorporated ATP as it will darken the gel exposure on the films.  Place the gels in labeled containers and cover with Coomassie stain for 15 minutes. 
4.4.1. CU:  Dismantled gel as talent cuts out the unincorporated ATP.
4.4.2. MED-over the shoulder:  Talent pours Coomassie stain over the gel in labeled containers.
4.5. Next, remove the Coomassie stain, briefly rinse the gels with water, and add destain solution.  Destain the gels until the proteins are clearly visible.  A band for MBP and a band for the substrate should be visible for each sample.
4.5.1. MED:  Talent removes the Coomassie stain, rinses the gels with water and adds destain solution.
4.5.1A: [added] WID: gel destaining on shaker
4.5.2. CU:  Gel in destain showing the MBP band. Use from 1:20.0, still frame, or take 2
4.6. To dry the gels, cut a large sheet of filter paper and place it on the dryer.  Wet a cellophane sheet in distilled water until it is smooth and wrinkle free, and place it on top of the paper.
4.6.1. MED-over the shoulder:  Talent cuts a large sheet of filter paper and places it on the dryer.
4.6.2. CU:  Cellophane sheet as talent places in water, smooths it out, and then places it on top of the paper.
4.6.3. [split shot] MED: placing cellophane on top of the paper and smoothing it out.
4.7. Lay the gels on top of the cellophane sheet, making a note of the order of the gels.  Wet a second cellophane sheet and place on top of the gels.  Roll out all bubbles for a nice uniform surface.  Close the flap, turn on the vacuum, and dry the gels for 3 hours at 80 degrees Celsius.
4.7.1. MED-over the shoulder:  Talent lays the gels on top of the cellophane sheet.
4.7.2. CU:  Gels as places a wet cellophane sheet on top and rolls out the bubbles for a nice uniform surface.
4.7.3. MED:  Talent closes the flap and turns on the vacuum.
4.8. Once the gels are dry, expose them to double emulsion autoradiography film using a screen to intensify the signal.  Wrap the cassette with saran wrap or a plastic bag and seal with tape to keep out frost before storing the cassette at minus 80 degrees Celsius overnight.
4.8.1. MED-over the shoulder:  Talent places the gel into a cassette to expose it to double emulsion autoradiography film using a screen.
4.8.2. CU:  Cassette as talent wraps with saran wrap  plastic bag and seals with tape. Actually take 1
4.8.3. WIDE: Talent puts cassette in freezer.
4.9. The following day, remove the cassette from the freezer and let it thaw at room temperature.  Develop the film in a darkroom using a film processor according to the manufacturer’s instructions. 
4.9.1. MED-over the shoulder:  Talent removes the cassette from the freezer.
4.9.2. WIDE:  Talent enters the darkroom with the cassette.
5. Results: Example of a Screen Outcome
5.1. Shown here are representative results from a screen.  180 kinases were screened using a GST-tagged peptide substrate corresponding to amino acids 268 through 283 from CREB (pronounced as “kreb”) -Regulated Transcriptional Coactivator 2, or CRTC2, as well as the classic kinase assay substrate myelin basic protein, or MBP. 
5.1.1. LAB MEDIA:  Figure 2.  Editors, please highlight the CRTC2 and arrow as narrated, and the MBP and arrow as narrated in all the gels.
5.2. Only two kinases, MARK2 (pronounced as “mark-two”) and the highly related kinase MARK3 (pronounced as “mark-three”) phosphorylated the CRTC2 peptide.  MBP is included as an internal control in all assays, as it contains many phosphorylatable residues and runs at 18 kiloDaltons, toward the bottom the gel.  This allows for an interpretation of specificity: some kinases will robustly phosphorylate a substrate and MBP. 
5.2.1. LAB MEDIA:  Figure 2_gel1_gel16.  Editors, please transition from the previous figure to this one by enlarging the top left and bottom right gels until they take up the full screen and then transition to this figure.  Alternatively, possible fade to this figure.  Please highlight MARK2 and MARK3 as narrated.
5.3. Of note here is that the wells containing GST alone always purify some endogenous kinase activity, thus there is always background phosphorylation in the assay.  While this does not rule out that the phosphorylation of the substrate is real, it does suggest that in the in vitro setting the kinase may be less selective.  It is particularly informative to include multiple substrates of differing molecular weights to draw conclusions regarding kinase-substrate specificity.
5.3.1. LAB MEDIA:  Figure 2.  Editors, please zoom into gel 7 of this figure.  Then transition to the next figure.
5.3.2. LAB MEDIA:  Figure 2_gel7 – Authors, please provide a version of this gel alone with the lane containing GST alone (lane 11) boxed out.  Editors, please transition to this figure and make the box over lane 11 appear as this point is narrated. 
6. Conclusion (said by authors on camera)

6.1. Rob:  As the screen is in vitro and additional levels of complexity exist in vivo, a candidate kinase for a given substrate must be validated in cells.  For example, the screen may identify a family member that has the biochemical capacity to phosphorylate the substrate in vitro, yet is not expressed in the same cell type or in the same subcellular compartment as the substrate. 

6.1.1. MED:  Rob speaks toward the camera, interview style.

6.2. Rob:  This is typically done by RNAi-mediated silencing of the candidates and monitoring loss of target site phosphorylation.  It is also possible to perform a secondary screen using a mutant of the substrate carrying a non-phosphorylatable residue at the target site in order to confirm specificity. 

6.2.1. CU:  Rob 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.

Graphicoverview.pptx

Figure 2
Figure 2_gel1_gel16

Figure 2_gel7 – Authors, please provide a version of this gel alone with the lane containing GST alone (lane 11) boxed out.  
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.
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