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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 yes, please list make and model of your microscope: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) __N____ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_Steps 3.12, 3.16, 3.19, 3.20, 5.5, 5.6______________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _Avoiding contamination of bacteria by phage. Be ultra paranoid about viral contamnination._

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 discover protein interactions with immobilized bait molecules. (Intro)

This is accomplished by first acquiring and immobilizing the bait. (P1)

The second step is to introduce the phage library to be screened to the bait under conditions promoting binding. (P2)

Next, the unbound phage are removed by stringent washing while bound phage are used to infect the bacteria before being recovered. (P3)

The final step is to amplify the bound phage for the next iteration of affinity selection. (P4)

Ultimately, when phage titer plateaus, single plaques are selected and sequenced to show which proteins have the highest affinity for the immobilized ligand under the experimental binding conditions. (P5)

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).   

Procedural example overview thing.psd


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Rekha Kushwaha: This method can help answer key questions in protein-protein interactions.
1.1.1. MED:  Rekha speaks toward camera, interview style.  

Protocol (read by voice talent at JoVE):
2. Growing bacterial host (BLT5403) for titering 
2.1. This procedure begins with purified recombinant protein being placed in the bottom of microtiter plates as described in the text protocol.  
2.1.1. LAB MEDIA:  Figure 1.  Editors, please zoom into the bottom left corner of this figure, showing the purified protein (red pac-man like image) going into the wells.
2.2. The next step is to inoculate 50 mL of Luria Bertani medium with 100 micrograms per milliliter of Ampicillin in a 250 mL Erlenmeyer flask with a single colony that has been previously grown as described in the text protocol.  
2.2.1. MED:  Talent removes lid from an autoclaved 250 mL Erlenmeyer flask with 50 mL of LB and adds ampicillin in.
2.2.2. CU:  Plate of cells as talent removes a single colony (with pipette tip or the method generally used in the lab) and transfers to the flask.
2.3. Incubate at 37oC, 200 RPM in a horizontal shaker, and use a spectrophotometer to monitor cell density until an optical density at 600 nm of 0.5 to 0.6 is obtained.
2.3.1. MED-over the shoulder:  Talent leaves the flask to incubate at 37oC on a horizontal shaker.
2.3.2. CU:  Screen showing an OD between 0.5-0.6 at 600 nm as talent measures cell density.
2.4. Then, pour the cells into a 50 mL Falcon tube or similar, and keep at 4oC until use.  Cells will usually remain viable for approximately 1 week.
2.4.1. MED:  Talent pours cells into a 50mL Falcon tube.
2.4.2. MED-over the shoulder:  Talent places the labeled falcon tube into the refrigerator.
3. Affinity selection
3.1. On day one, prepare for affinity selection as described in the text protocol.
3.1.1. Title Card.
3.2. On the morning of day two, place nine autoclaved, empty 250 mL Erlenmeyer flasks in the clamps of an incubating shaker.
3.2.1. MED-over the shoulder:  Talent places the autoclaved empty 250 mL Erlenmeyer flasks in the clamps of an incubating shaker.  TEXT overlay:  1 per microtiter plate well
3.3. Inoculate 500 mL of Luria Bertani with 500 µL from one of the overnight cultures of phage infected BLT5403 (pronounced “B-L-T-5-4-0-3”) cells started the night before.  After placing the flask in the incubator, turn on the spectrophotometer and set it to read absorbance at 600 nm. 
3.3.1. CU:  Flask as talent inoculates 500 mL of LB with 500 µL from one of the overnight cultures of phage infected BLT5403.  TEXT overlay:  500 mL of LB100 AMP
3.3.2. MED:  Talent places the flask into the incubator.  TEXT overlay:  37°C, 220 RPM
3.3.3. MED-over the shoulder:  Talent sets the spectrophotometer to read absorbance at 600 nm.
3.4. Meanwhile, remove the microtiter plate from 4°C and take off the plastic film.  Remove any unbound protein from the plate by washing 10 times with 200 µL per well of 1X Tris Buffered Saline, or TBS, pH 7.5 and smacking the plate upside down on the paper towel between washes. 
3.4.1. CU:  Microtiter plate right after it is removed from 4°C as talent takes off  the plastic film.
3.4.2. MED:  Talent pipettes 1X TBS, pH 7.5 onto plate.  TEXT overlay:  wash plate 10x
3.4.3. CU:  Plate as talent smacks it upside down on the paper towel.
3.5. Block with 200 µL per well of 5% blocking reagent in TBS for 1 hour with the plate wrapped in plastic wrap. 
3.5.1. MED-over the shoulder:  Talent wraps blocked plate with plastic wrap, places down, and puts timer on for 1 hour.
3.6. Wash off the blocking solution 10 times with 200 µL of 1 X TBST, smacking the plate upside down on 4 layers of paper towel between washes. 
3.6.1. CU:  Plate as talent washes blocking solution off with 200 µL of 1 X TBST.  TEXT overlay:  wash plate 10x in 1 X TBST
3.6.2. MED:  Talent smacks the plate upside down on 4 layers of paper towel.
3.7. From here use filter barrier tips to avoid phage cross-contamination.  Pipette 100 µL of the phage library in with the proteins.  Re-seal the plate with plastic wrap and incubate at room temperature for 1 hour.
3.7.1. MED-over the shoulder:  Talent opens the filter barrier tips.
3.7.2. CU:  Plate as talent pipettes 100 µL of the phage library in with the proteins.
3.7.3. MED:  Talent wraps the plate with plastic wrap and starts timer for 1 hour.
3.8. At the end of one hour remove the plastic wrap from the plate and immediately wash by shaking out the phage into the biohazardous waste.  Then, use a multipipettor to rapidly add 200 µL of 1 X TBST to each well. 
3.8.1. CU:  Plate as talent removes the plastic wrap and shakes it out over the Biohazardous (transformed) waste.
3.8.2. MED:  Talent uses a multipipettor to rapidly add 200 µL of 1 X TBST to each well.
3.9. Set a timer for 1 minute.  After 1 minute, shake out the buffer into the biohazardous waste, smack the plate upside down on paper towel, and place it back on the bench.  Repeat washing steps ten times.
3.9.1. CU:  Timer as talent starts count down from 1 minute.
3.9.2. MED-over the shoulder:  Talent shakes the buffer into the biohazardous waste, smacks the plate upside down on paper towel, and places it back on the bench.  TEXT overlay (bring in as narrated):  wash 10x 
3.10. After the 10th wash, take 200 µL of BLT5403 cells from the 50 mL Falcon tube at 4°C and transfer to the bottom of each of the 9 wells from which the last wash has been removed.  
3.10.1. CU:  Plate and 50mL Falcon tube as talent transfers 200 µL of BLT5403 cells from the tube to each of the empty plate wells.
3.11. Wrap the plates in plastic wrap and put at 37°C for 20 minutes to get any phage still stuck to the bait to infect the bacteria.  At the end of 20 minutes unwrap the plates.  
3.11.1. MED-over the shoulder:  Talent puts the wrapped plate into the incubator.
3.11.2. CU:  Plate as talent unwraps.
3.12. Next, remove 10 µL of bacteria from the BSA at 25°C replication one well and transfer to the 990 µL of medium marked “1”.  Repeat this process twice more for that well resulting in 3 triplicates of 1 to 100 dilutions of the phage from that well.  This is BSA replication one sampled three times.  These dilutions will be used to estimate the average titer plus or minus the standard error of the mean for that replication of BSA. 
3.12.1. LAB MEDIA:  Microtiter plate_LMAD.  Editors, please zoom into the top left corner of blue wells labeled BSA.  Highlight the top well (Rep 1) followed by the tube labeled “1” as the first sentence is narrated.  Then also highlight tubes 2 and 3 as the second sentence is narrated.
3.13. Do the same for replication 2 and 3 of BSA… for the three replicated wells of the poisoned bait protein… and for the bait protein.  Set these 27 Eppendorf tubes aside.
3.13.1. LAB MEDIA:  Microtiter plate_LMAD.  Editors, zoom out to the full figure and highlight the middle and bottom blue well (Rep 2 and 3) and corresponding tubes (4-9) as “do the same for replication 2 and 3 of BSA” is narrated.  Then highlight each of the yellow wells and corresponding tubes (10-18) as “for the three replicated wells of the poisoned bait protein” is narrated.  And finally highlight the three red wells and corresponding tubes (19-27) as “and for the bait protein” is narrated.
3.14. If the bacteria in the flask are at an optical density of 0.6 to 1.0, decant 50 mL of the cells from the Fernbach flask into each of the nine 250 mL Erlenmeyer flasks.  
3.14.1. MED or MED-over the shoulder:  Nine 250 mL Erlenmeyer flasks as talent decants 50 mL of the cells into them.
3.15. Take the remaining 170 µL of phage-infected BLT5403 bacteria in the BSA replication 1 well and add it to the 50 mL of cells marked “BSA Rep 1.”  Do this for all nine wells before shaking the flasks in the 37°C incubator.
3.15.1. CU:  Plate and flask labeled “BSA Rep 1” as talent uses a pipette to transfer 170 µL of phage-infected BLT5403 bacteria in the BSA replication 1 well and adds it to the flask of cells.
3.15.2. MED:  Nine flasks shaking in the 37°C incubator
3.16. Meanwhile, perform dilutions from the initial 27 dilutions by first taking 100 µL of the LB with bacteria from Eppendorf tube 1 and adding it to the 900 µL of LB in Eppendorf tube 4 for the 10-3 dilution.
3.16.1.  MED-over the shoulder:  Talent uses pipette to take 100 µL of the LB with bacteria from Eppendorf tube 1 (labeled 10-2) and transfers it to the 900 µL of LB in Eppendorf tube 4 (labeled 10-3).  TEXT overlay:  see text for dilution tube setup
3.17. Discard the filter barrier tip for a new one before getting 100 µL of the LB with bacteria from Eppendorf tube 4 and adding it to the 900 µL of LB in Eppendorf tube 7 for the 10-4 dilution.  Continue the dilutions for all triplicates of all replications of all proteins and treatments.  There should be 135 tubes in total.
3.17.1. MED:  Talent discards the filter barrier tip and gets a new one.
3.17.2. CU:  Talent uses pipette to take 100 µL of the LB with bacteria from Eppendorf tube 4 (labeled 10-3) and transfers it to the 900 µL of LB in Eppendorf tube 7 (labeled 10-4).  TEXT overlay:  see text for dilution tube setup
3.17.3. MED-over the shoulder:  135 total tubes as talent finishes up the dilutions and closes the lids.
3.18. Once the cells have lysed, bring the culture to 0.5 M NaCl by adding 5 mL from a 5 M NaCl stock and transferring the sample to a labeled centrifuge bottle.
3.18.1. CU:  Flask of lysed cells as talent adds 5 mL from a 5 M NaCl stock.
3.18.2. MED-over the shoulder:  Talent transfers the cells to a labeled centrifuge bottle.
3.19. Centrifuge at 8,000xg for 10 min at 4oC.  Then, decant the supernatant containing the virus into a clean, sterile 50 mL Falcon tube.  Add a few drops of chloroform to the decanted supernatant in the Falcon tube.  The supernatant can be stored at 4oC for the next round of affinity selection.
3.19.1. MED:  Talent places the centrifuge bottle into the centrifuge and closes lid.
3.19.2. MED-over the shoulder:  Talent decants the supernatant containing the viruses into a clean, sterile 50 mL Falcon tube.   
3.19.3. CU:  Clean, sterile 50 mL Falcon tube as talent adds a few drops of chloroform in.  
3.19.4. MED-over the shoulder:  Talent leaves the tube in the refrigerator. 
4. Titering
4.1. On day 3, pipette 250 µL of BLT5403 cells from 4oC into each of the previously prepared numbered borosilicate test tubes.
4.1.1. MED or MED-over the shoulder:  Talent pipettes 250 µL of BLT5403 cells from 4oC into each of the previously prepared numbered borosilicate test tubes.  TEXT overlay:  see text for test tube set-up.
4.2. Then, pipette 100 µL from the dilution in Eppendorf tube 1 in the 250 µL of cells in borosilicate test tube 1.  Briefly heat the first 5 inches of the pipet over the flame and plunge it into the molten top agarose.  Pull up 3 mL and deliver QUICKLY into the test tube on top of the cells and phage.
4.2.1. MED-over the shoulder:  Talent pipettes 100 µL from the dilution in Eppendorf tube 1 in the 250 µL of cells in borosilicate test tube 1.
4.2.2. [bookmark: _GoBack]CU:  Tube as talent heats the first 5 inches of the pipet over the flame and plunges it into the molten top agarose.
4.2.3. MED-over the shoulder:  Talent pulls up 3 mL and delivers it quickly into the test tube on top of the cells and phage.
4.3. Mix by flicking with a finger while holding the tube with the other hand and then pour the contents on the plate.  Tilt the plate and use the test tube to chase bubbles and dry spots until the whole plate is covered by the top agarose.  Set it aside, upright on the bench to cool. 
4.3.1. MED:  Tube as talent mixes by flicking with a finger while holding the tube with the other hand and then pours the contents on the plate.
4.3.2. CU:  Plate as talent tilts it and uses the test tube to chase bubbles and dry spots until the whole plate is covered by the top agarose.
4.3.3. MED:  Talent sets it aside, upright on the bench to cool.
4.4. Discard the borosilicate tube, eject the filter barrier tip, get a fresh one and continue until all the dilutions have been plated.  Retrieve prepared plates from the incubator as they are depleted, but no more than 6 at a time or they cool and the top agarose solidifies too quickly.
4.4.1. MED-over the shoulder:  Talent discards the borosilicate tube, ejects the filter barrier tip, and gets a fresh one and continues the process.
4.4.2. CU:  Stacks of plates in the incubator as talent removes 6.
5. Plaque Isolation
5.1. Examine the plaque formed on the plates and discard those with confluent lysis.  Determine which of the remaining serial dilutions have produced sufficiently few plaques to enable an accurate tally.  Record the number of plaque from these plates and proceed to calculate titer as described in the text protocol. 
5.1.1. MED-over the shoulder:  Talent looks at plates, picks one up with confluent lysis and discards.
5.1.2. CU:  Plate/notebook as talent tallies the plaques on a plate and records the number.
5.2. At the end of affinity selection round 4, select 18 individual, well defined, plaque colonies.  Using a sterile yellow pipet tip, wet the inside of the tip with Tris-HCl, pH 8.5 in an Eppendorf tube.  Then, core these plaques from the titering plates by pushing the tip through a well isolated plaque directly to the plastic Petri dish below and aspirating the core.
5.2.1. MED-over the shoulder:  Talent uses sharpie to mark or point out well defined plaque colonies.
5.2.2. MED:  Talent wets the inside of a sterile yellow pipet tip with the Tris-HCl, pH 8.5 in the Eppendorf tube.
5.2.3. CU:  Plates as talent cores a plaque by pushing the tip through a well isolated plaque right to the plastic Petri dish below and aspirating the core.
5.3. Expel the core into 100 µl of Tris-HCl, pH 8.5 in the appropriate tube before vortexing briefly.  Heat 20 µl from this volume at 65oC for 10 minutes and proceed with PCR and sequencing as described in the text protocol.
5.3.1. MED-over the shoulder:  Talent expels the core into 100 µl of Tris-HCl, pH 8.5 in the appropriate tube.
5.3.2. CU:  Tube with 20 µl as talent leaves to incubate at 65oC
6. Results: Typical titer and PCR results for affinity selection over an appropriate bait
6.1. Shown here are typical titer results.  By sampling several times, the final estimated tallies are not as susceptible to pipetting errors and a more accurate estimate of the actual titer and the variation around this estimate, well-to-well, are obtained.
6.1.1. LAB MEDIA:  Figure 5C
6.2. Increasing phage titer, preferentially for the non-poisoned bait, as the number of affinity selection rounds increase, also provides confidence that the technique is working.
6.2.1. LAB MEDIA:  Figure 5C.  Editors, please highlight the green bars as “preferentially for the non-poisoned bait” is narrated.
6.3. The retention of an increasing percentage of phage containing insert in non-poisoned bait wells as the number of affinity selections increases is also auspicious.
6.3.1. LAB MEDIA:  Figure 6.  Editors, please highlight the arrow below “round 1” and the arrow below “round 4” as this point is narrated.
6.4. After advanced rounds of affinity selection, an increase in the number of independently recovered phage that have insert, relative to the first round, and the settling of these amplicons on a few identically sized bands, is a good indication that particular clones are being selected in the affinity selection. 
6.4.1. LAB MEDIA:  Figure 6.  Editors, please highlight the bands at the same molecular weight in lanes 5-9 and 11-18 in the bottom panel as this point is narrated.


INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj



7. Conclusion (said by authors on camera)
7.1. Rekha Kushwaha:  Following this procedure, other methods like yeast two hybrid can be performed in order to validate interactions discovered by phage display.
7.1.1. MED:  Rekha speaks toward 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.
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Figure 1

Microtiter plate_LMAD.psd

Figure 6_MWM

Figure 5C – Authors, please provide a separate version of figure 5C without the C label.


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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