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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)___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)___N_____ 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. _section 3________________________________________

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.__
Mostly related to 3.2.

First off, the protein analyte must be soluble enough to bind the protein probe printed on the arrays. If the protein is denatured, then often times you will see a smear across the array due to the exposure of hydrophobic regions of the protein binding indiscriminately to the hydrophobic surface. Also, if the analyte protein aggregates due to too much salt precipitating the protein out of solution, or if it aggregates due to the concentration of the protein itself being too high, then you will not see any signal on the array. The easiest way to assess the characteristics of your analyte prior to experimentation is by bracketing off an interval of analyte concentration based on a nandrop concentration read-out followed by probing test arrays to ensure a good signal to noise readout prior to running the assay.
 
Another issue that is absolutely important is the choice of surface chemistry and probe library (I refer to the proteins printed on the surface of the arrays as probes, BTW). The Fast surface was used to deposit the proteins in multiple orientations to ensure that there was a high likelihood of an exposed binding domain for the analyte to interact with. The choice of the GST library of probes was chosen because I was using an antibody detection scheme. The protein A (PrA) purified (c-term collection) had residual PrA antibody left over and would therefore end up on the arrays. As a result, all of the spots on the arrays would light up, creating a huge signal to noise issue. The arrays printed with the GST probe set did not have an Ab contamination issue so it was more amenable to my V5-Ab detection method.
 
Finally, it is absolutely important to not allow the arrays to dry out during hybridization; the arrays must be kept in a humidified chamber at 4 degrees. Loss f humidity will cause the surface to dry out leading to non-specific smearing. Also, the concentration of glycrol is also important to maintain very low because if it is too high, this will result in both the water being shed from the analyte not allowing it to bind to its target and causeing the spots n the array to form “comet tails”.____________________

E.  Will the filming need to take place in multiple locations? (Y/N) _____N__ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Editors, please do not proceed with editing video until the schematic portion has been completed.  Please contact brigid.stadinski@jove.com when you’ve received it, more editing may be necessary.
Authors, please choose one of the following Narrative formats and fill out to correlate with the schematic graphic.

Procedural Narrative:
The overarching goal of this procedure is to identify protein-protein interactions within a given proteome in a parallel unbiased manner which is not possible with other technologies. (Intro)
This is accomplished by first hybridizing an epitope tagged protein of interest with the highly purified full-length functional protein library deposited in a coordinate plane on the surface of a microscope slide. (P1)
Editors, please use P1 of “New Graphic for JoVE 3.31.15_v.6_5.13.15.pptx.”  To start, include only the rectangular slide with the blue colored squiggles on the slide itself and omit the protein that comes in and binds to these squiggles (any part with red that comes higher off the slide).  To animate these proteins coming in and binding to the slide, start with the zoomed in protein and show the part labeled V5, ATP, and the red loop, and the purple shape.  Then show it shrink and bind to the slide with a 5 others to result in the slide shown in P1.
Once the protein has reached equilibrium with each of its respective target proteins on the array, the unbound fraction is washed away and the protein interactions are detected with a monoclonal antibody to the epitope conjugated to a fluorescent moiety using a standard microarray scanner. (P2)
Editors, please use P2 of “New Graphic for JoVE 3.31.15_v.6_5.13.15.pptx.”  Start from where P1 left off and animate by having a grey upside-down Y with the red “Fluor” flash come in and binding each of the bound proteins in P1 to result in the slide in P2.  Then zoom in onto one of these bound proteins to show the interaction as shown in the zoom bubble in P2. 
The resulting images are interlaced with information regarding the intensity of each feature with respect to bound protein and fluorescent signal.  This information is extrapolated with the aid of the microarray analysis software to generate a list of intensity values for each feature on the array. (P3)
Editors, please use P3 of “New Graphic for JoVE 3.31.15_v.6_5.13.15.pptx.”  First show the 2 long rectangles with corresponding labels.  Then bring in the blue zoom square and the inset for each slide.  
The information regarding the protein-protein interacting pair can be exported to downstream bioinformatic analysis software to score the feature specific data and identify protein-protein interactions between the protein of interest and the proteins on the microarray. (P4) 

Editors, please show the bottom “Signal Density” of P4 of “New Graphic for JoVE 3.31.15_v.6_5.13.15.pptx.”  Trace highlight the line as P4 is narrated.

The raw signal intensity data is compiled over two or more protein microarrays to account for inter- and intra-assay variation and the data is normalized to score each of the interactions.  The resulting output generates a target list of interacting proteins which can be used to guide further interrogation of protein-protein interactions in vivo. (P5)
Editors, please show the top right plot in P4 of “New Graphic for JoVE 3.31.15_v.6_5.13.15.pptx.”  
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!)  
Authors, we are limited to one statement per author for the interview and conclusion.

1.1. Joseph Fasolo: The functional protein microarray was pioneered in Michael Snyder’s lab over 15 years ago.  Since then, there have been many successful applications of this technology due to its versatility in biochemical proteomic assays.  The technique has facilitated the study of protein interactions in modular signaling networks as well as alternative connectivity within previously known signaling cascades [1.1.1 – MED].
1.1.1. Talent speaks toward camera, interview style. 
Protocol (read by voice talent at JoVE):

2. Probe preparation 
2.1. To culture and purify the V5-fusion kinase probes, use freshly streaked yeast strain Y258 (pronounced as “Y-2-5-8”) containing V5-fusion protein [2.1.1 – MED].  Plate the yeast on synthetic complete-uracil/2% Dextrose/Agar and grow at 30 degrees Celsius for 3 days from frozen culture [2.1.2 – CU].
2.1.1. Talent pulls the glycerol stock of the yeast strain out of the -80 degree freezer.  TEXT overlay:  see text for strain details
2.1.2. Labeled synthetic complete-uracil/2% Dextrose/Agar plate as talent streaks the yeast out from the frozen stock.
2.2. Inoculate starter cultures from a single colony and grow overnight in synthetic complete-uracil/2% Dextrose on a shaking platform or wheel at 30 degrees Celsius [2.2.1 – MED-over the shoulder].
2.2.0
[added] shot of just the inoculation
2.2.1. Talent places the starter culture onto the shaking platform or wheel and starts rotation.  TEXT overlay:  220-250 rpm
2.3. The following morning, inoculate 400 milliliters of a synthetic complete-uracil/2% raffinose culture with sufficient starter culture to achieve a final optical density at 600 nanometers, or OD600, of 0.1 [2.3.1 – CU].
2.3.1. Labeled flask containing 400 milliliters of the synthetic complete-uracil/2% raffinose culture as talent inoculates it with culture. 
2.4. Grow the inoculums to an OD600 of 0.6 [2.4.1 – MED-over the shoulder].  Then induce V5-kinase fusion construct expression by adding enough 3× Yeast Extract/Peptone supplemented with 6% Galactose to dilute the induction media by a factor of 3, for a final galactose concentration of 2% [2.4.2 – MED].
2.4.1. Talent reads an OD600 of about 0.6 at the spectrophotometer.
2.4.2. Talent adds a solution of 3× Yeast Extract/Peptone supplemented with 6% Galactose from a labeled container.  
2.5. Induce cells at 30 degrees Celsius for 6 hours on a shaking platform.  Use a 2 liter Erlenmeyer flask to ensure appropriate aeration [2.5.1 – CU].
2.5.1. Erlenmeyer flask as it shakes on the shaking platform at 30 degrees Celsius.  
2.6. Harvest the cells by spinning 400 milliliters of the cell suspension at 1000 x g for 5 minutes at 4 degrees Celsius [2.6.1 – MED-over the shoulder].
2.6.1. Talent places the centrifuge tubes with cell suspension into the centrifuge and starts the run.  
2.7. Wash the cells once with 50 milliliters of ice cold distilled water and transfer to a 50 milliliter conical tube [2.7.1 – MED].  Wash the pellet again in ice cold phosphate buffered saline, or PBS, buffer and transfer to 2 milliliter snap-cap tubes for lysis [2.7.2 – CU].
2.7.1. *Film as written.
2.7.2. 2 mL snap-cap tubes as talent transfers the cells in PBS there.
2.8. After spinning the cells at 20,000 times g for 1 minute at 4 degrees Celsius, remove the buffer with a pipette and place the tubes on ice [2.8.1 – MED-over the shoulder].
2.8.1. Talent uses a pipette to remove the buffer and places the tubes on ice.
2.9. Lyse the cells with 0.5-millimeter zirconia beads in a 1 to 1 to 1 volume of cell pellet to beads to PBS lysis buffer [2.9.1 – CU].  Then, vortex the mixture 3 times using an agitation platform for 2-minute intervals at 4 degree Celsius [2.9.2 – MED-over the shoulder].
2.9.1. Tubes of cells as talent adds the 0.5-millimeter zirconia beads. TEXT overlay:  see text for PBS lysis buffer 
2.9.2. Talent vortexes the mixture on an agitation platform.
2.10. Centrifuge the lysate at 20,000 x g in a tabletop microfuge for 10 minutes at 4 degrees Celsius [2.10.1 - MED].  Pipette the supernatant into a polycarbonate high speed centrifuge tube and clarify by ultracentrifugation for 30 minutes at 150,000 times g at 4 degrees Celsius [2.10.2 - CU].
2.10.1. Talent places the samples into the centrifuge.
2.10.2. Polycarbonate high speed centrifuge tube as talent pipettes the supernatant there.
2.11. Transfer the clarified lysate to a tube containing approximately 100 microliters of prewashed nickel affinity resin [2.11.1 – MED] and incubate on a nutator for 2 hours at 4 degrees Celsius to capture the Histidine6X tagged V5-fusion protein [2.11.2 – MED – over the shoulder].
2.11.1. Talent transfers the clarified lysate to a tube with the prewashed nickel affinity resin.
2.11.2. Talent places the tubes onto the nutator for incubation.
2.12. Pellet the resin using a table top centrifuge for 5 minutes at 1,000 x g and 4 degrees Celsius [2.12.1 – CU].  Following removal of the supernatant, wash the resin with wash buffer for 10 minutes at 4 degrees Celsius on the nutator [2.12.2 - MED-over the shoulder].  Repeat the wash twice more with fresh wash buffer [2.12.3 - CU].  
2.12.1. Centrifuge as talent places the sample tubes there, shuts lid, and starts run.
2.12.2. Talent pipettes wash buffer over the resin from a labeled container.  TEXT overlay:  see text for PBS wash buffer
2.12.3. Nutator as talent places the samples there and starts nutation. 
2.13. After the wash steps are complete, apply the washed resin to a fresh G-25 column for elution [2.13.1 – MED-over the shoulder].  Apply 25 microliters of elution buffer in a step-wise manner, beginning with 100 milliMolar Imidazole to 500 milliMolar imidazole in 50 milliMolar increments for a total of 9 fractions [2.13.2 – CU]. Elute the proteins with two 100 microLiter volumes of 200 mM Imidazole. 
2.13.1. Talent pours the washed resin to a fresh G-25 column.
2.13.2. Column as talent pipettes elution buffer over the resin and collects the flow-through.
2.14. Assay the collected fractions using a sodium dodecyl sulfate polyacrylamide gel and Coomassie staining to identify the most highly enriched fractions for use in the assay [2.14.1 – MED].  Add 30% glycerol to the samples and store at minus 80 degrees Celsius until used in the assay [2.14.2 – CU].
2.14.1. Talent loads an SDS gel.
2.14.2. Samples as talent adds 30% glycerol from a labeled container.
2.14.3. [added] shot of -80C freezer
3. Probing the Arrays
Videographer note: most of Section 3 was in a cold room and after the first 3 shots 3.4.1, 3.42 and 3.4.3 I changed the white balance but did not reshoot those 3 shots so they may need to be color corrected
3.1. To detect interactions, dilute the V5-fluorophore conjugated antibody to 260 nanograms per milliliter in probe buffer and mix thoroughly by shaking [3.1.1 – MED].  
3.1.1. Talent dilutes the V5-fluorophore conjugated antibody to 260 nanograms per milliliter in probe buffer and mixes by shaking
3.2. Then, dilute the V5-fusion protein probe over a concentration range of 5 to 500 micrograms per milliliter [3.2.1 – MED-over the shoulder].
3.2.1. Talent dilutes the V5-fusion protein probe over a concentration range of 5 to 500 micrograms per milliliter.  Use labeled containers.  TEXT overlay:  see text for optimization
3.3. Next, remove the protein microarrays from the freezer and bring to 4 degrees Celsius in the refrigerator just prior to use [3.3.1 – MED-over the shoulder]. 
3.3.1. Talent places the protein microarrays into the refrigerator.
3.4. Add the blocking buffer directly to the slide holder containing the protein microarrays and cover the top with Parafilm to prevent leakage [3.4.1 – CU].  Block the arrays in blocking buffer for 1 hour by shaking at 50 rpm on a stage at 4 degrees Celsius [3.4.2 – MED].
3.4.1. Slide holder containing the protein microarrays as talent adds the blocking buffer there and covers the top with Parafilm.  TEXT Overlay:  see text for blocking buffer
Authors, please include the blocking buffer recipe in the updated manuscript.
3.4.2. Talent places the arrays on a stage and starts the shaking.
3.5. After blocking, transfer the arrays to a humidified chamber chilled to 4 degrees Celsius, and add 90 microliters of diluted probe directly to the array surface [3.5.1 – CU].  Overlay the arrays with a raised lifter slip and incubate without shaking in the humidified chamber at 4 degrees Celsius for one and a half hours [3.5.2 – MED-over the shoulder].
3.5.1. Array as talent places into a humidified chamber a 4 degrees Celsius and then adds 90 microliters of diluted probe directly to the array surface.
3.5.2. Talent overlays the arrays with a raised lifter slip.
3.6. Following incubation, add the slide to a 50 milliliter conical tube containing enough pre-chilled probe buffer to completely envelope the slide, allowing the lifter slip to gently slide off of the protein microarray [3.6.1 – CU].  Wash the arrays 3 times for 1 minute each in three conical tubes [3.6.2 – MED-over the shoulder].  
3.6.1. Slide as talent places into a 50 mL conical tube containing enough pre-chilled probe buffer to completely envelope the slide.
3.6.2. Talent transfers the arrays to the 2nd conical tube.
3.7. Apply the antibody solution directly to the array immediately after completing the wash and overlay with a raised lifter slip as before [3.7.1 – CU].  Incubate the arrays for 30 minutes at 4 degrees Celsius in the humidified chamber [3.7.2 – MED-over the shoulder].
3.7.1. Array as talent applies the antibody solution directly to the array.
3.7.2. Arrays as talent places into the humidified chamber.
3.8. Perform the same wash step as before, and spin in a 50 milliliter conical tube at 800 x g in a tabletop centrifuge for 5 minutes at room temperature [3.8.1 – MED].  Air-dry the arrays in a slide holder in the dark for 30 minutes prior to scanning the array at 647 nanometers [3.8.2 – CU].
3.8.1. Talent places the conical tube into the tabletop centrifuge.
3.8.2. Slide holder as talent places the microarrays there.
3.8.3. [added] showing second wash
3.8.4. [added] showing third wash
3.8.5. [added] showing transfer
4. Results: Microarray studies reveal a protein-protein interaction between Tda1-V5 and Rim11
4.1. In this experiment, the binding activity of Tda1-V5 was investigated.  Yeast protein microarrays spotted in duplicate with approximately 4200 full length GST-fusion proteins were incubated [4.1.1 – LM] with the empty vector control  [4.1.2 – LM]… or with Tda1 –V5 probes  [4.1.3 – LM].
4.1.0
[added] showing researcher at measuring machine
4.1.1. Figure 1 – Authors, please submit this figure as a layered graphic so that the editors can manipulate the components of the figure.
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4.1.2. Figure 1 - Editors, please highlight or otherwise emphasize the left panel and inset as “empty vector control” is narrated.
4.1.3. Figure 1 - Editors, please highlight or otherwise emphasize the right panel and inset as “Tda1p-V5” is narrated.
4.2. The inset panels compare the identical region in both arrays [4.2.1 – LM].  Of particular interest is Rim-eleven, which interestingly has also been identified as a phosphorylated target of Tda1 in a previously published study [4.2.2 – LM].  Once targets have been identified, they can be tested for biochemical and functional activity in vivo [4.2.3 – LM]. 
4.2.1. Figure 1

4.2.2. Figure 1.  Editors, as the second sentence is narrated, please zoom into where the inset box is on the right most figure and transition to the enlarged inset, which is in the bottom middle of this figure. Then highlight the word “Rim11.”
4.2.3. Figure 1
5. Conclusion (said by authors on camera)
5.1. Joseph Fasolo:  After watching this video, you should have a good understanding of how to utilize the functional protein microarrays as a means to identify candidate protein-protein interactions for further in vivo validation and interrogation [5.1.1 – MED].
5.1.1. Talent speaks to 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.
Schematic Graphic - Authors, please submit the schematic graphic with labels that correlate to the inserted schematic narration.

Figure 1 –Authors, please submit this figure as a layered graphic so that the editors can manipulate the components of the figure.  
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


