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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__  1. Yeast two hybrid assays 2. X-gal assay 3. Liq b-gal assays 4. Analysis of X-gal lift and liquid b-gal assays
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  1. Obtain good filter lifts (replicas)    2. Optimize analysis of x-gal lift and liquid b-gal assays

1. Introduction (Schematic Overview and Interview)

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

Conceptual Narrative:
The overall goal of this procedure is to describe a yeast high throughput two hybrid assay that reveals interactions between the pregnane x receptor, or PXR (pronounced “P-X-R”), and the small molecule inhibitor, ketoconazole. (Intro)

This is accomplished by first constructing the yeast two-hybrid plasmids, one expressing the human PXR ligand binding domain and the other expressing the steroid receptor coactivator 1, or SRC-1 (pronounced “S-R-C-one”). (P1)
Editors, please show Figure 1A here.

Presence of ketoconazole disrupts the interaction of human PXR with SRC-1 as revealed by liquid beta galactosidase assays together with colorimetric screening of colonies on filter. (P2)
Editors, please show Figure 1B here.

Screening of PXR mutants in the presence of ketoconazole allows identification of mutations that render the receptor immune to the action of the drug. (P3)
Editors, please show Figure 1C here.

Ultimately, lacZ expression by visual inspection and results of the liquid beta galactosidase assays are used to show changes in PXR activation in the presence of ketoconazole, which allows the identification of original residues involved in the interaction. (P4)
Editors, please show Figure 4B here.

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).   




B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Hao Li:  We first had the idea for this method in Dr. Sridhar Mani's laboratory, where I am an associate, when we were confronted with incomplete structural data on PXR.  The biochemical techniques would not allow us to perform residue identification, especially for sites of interaction that were very shallow and not readily amenable to structural characterization.
1.1.1. MED:  Hao speaks toward camera, interview style.
1.2. Hao Li:  Based on the principle of detecting ketoconazole-resistant PXR mutants, we came up with an assay that would be tractable, feasible and could be performed within days in a very high-throughput manner. 
1.2.1. CU:  Hao speaks toward camera, interview style.
1.3. Hao Li:  Though this method can provide insight into binding pharmacophores of small molecules on receptor proteins, it can also be applied to other systems, such as any protein that has a pathogenic role in disease, particularly when limitations in structural biology approaches preclude identification of binding residues, to better understand and design small molecular target interactors.
1.3.1. MED:  Hao speaks toward camera, interview style.


Protocol (read by voice talent at JoVE):
2. Construction of PXR and SRC-1 fusions in Yeast Vectors
2.1. To begin, amplify the Human PXR ligand binding domain and full length Human SRC-1, as described in the text protocol.  Check PCR products by running on a 1% agarose gel.
2.1.1. MED:  Talent places the samples into the PCR machine.
2.1.2. MED-over the shoulder:  Talent loads the wells of the agarose gel.
2.2. Next, purify the PCR products from the agarose gel.  Digest the PCR products and two-hybrid vectors as described in the text protocol, and place the digestion samples in a 37ºC water bath for 1 hour. 
2.2.1. CU:  Multiple angles of cut-out piece of gel containing band as talent places in an eppendorf tube in order to purify the PCR products from the gel.  Shot will be reused once.
2.2.2. MED:  Talent adds enzymes (on ice) to the sample using a pipette.
2.2.3. MED-over the shoulder:  Talent places the eppendorf tube containing the sample into the 37ºC water bath.
2.3. Purify the digested samples from a 1% agarose gel.  Then, ligate the digested and purified PCR products and two-hybrid vectors before transforming into DH5α competent cells.
2.3.1. Shot 2.2.1 – gel piece with DNA as it is placed into an eppendorf tube.
2.3.2. MED:  Talent pipettes ligation reagents into sample tube.
2.4. Following overnight incubation at 37ºC, pick the colonies and isolate the plasmid DNA.  Use restriction enzyme digestion to confirm the presence of the vector and insert.  Verify all positive plasmid DNA by sequencing.
2.4.1. CU:  Plate as talent picks the colonies and transfers to separate tubes.
2.4.2. LAB MEDIA:  Gel_vector_insert – Authors, please provide a figure of a gel showing the digested vector and insert with arrows/labels that define them.
2.4.3. MED-over the shoulder:  Talent reviews the DNA sequencing results on the computer.
3. Yeast Two-Hybrid Assays
3.1. Inoculate the yeast strain in 5 ml of YAPD (pronounced “Y-A-P-D”) and incubate overnight by constant agitation at 220 rpm and 30ºC. 
3.1.1. MED:  Talent inoculates the yeast strain into 5 ml of YAPD.
3.1.2. MED-over the shoulder:  Talent places the sample into the incubator and begins rotation.  TEXT overlay: see text for yeast strain
3.2. The next morning, inoculate the yeast one to twenty in 5ml of YAPD and incubate to obtain an optical density at 600 nm of 0.2 by constant agitation.
3.2.1. CU:  5 ml of YAPD in tube as talent adds the yeast.
3.2.2. MED:  Talent leaves the cells to incubate.
3.2.3. MED-over the shoulder:  Screen of the spectrophotometer as talent reads an OD 600 of ~0.2.
3.3. Pellet the cells at 2000 rpm in a microcentrifuge for 2 minutes and discard the supernatant.  Then wash the pellet twice with autoclaved water and once with 0.1 M lithium acetate.
3.3.1. MED:  Talent places the samples into the microcentrifuge.
3.3.2. CU or ECU:  Pellet as talent rinses with autoclaved water.  Freeze shot, dim and bring in the following TEXT:  2x with H2O, 1x with 0.1 M lithium acetate.
3.4. After discarding the supernatant of the final wash, add the transformation reagents listed in the text protocol to the cell pellet and vortex to mix.  Then add the prepared PXR containing and SRC containing vectors before mixing again.
3.4.1. MED-over the shoulder:  Talent pipettes the transformation reagents into the sample.
3.4.2. CU:  Sample tube as it is vortexed to mix.
3.4.3. MED:  Talent pipettes the prepared vectors into the sample tube.
3.5. Pipette the transformation mixture into a polystyrene Round-Bottom tube and agitate it for 30 minutes.  Move the tube to a 42°C water bath and incubate for an additional 30 minutes.
3.5.1. MED-over the shoulder:  Polystyrene round-bottom tube as talent transfers the transformation mixture there.
3.5.2. CU:  Agitating tube.  TEXT overlay:  agitate for 30 min
3.5.3. MED:  Talent places the tube in a 42°C water bath.
3.6. Next, centrifuge the tube at 2000rpm for 2 minutes.  Following removal of the supernatant, wash the pellet once with autoclaved water.  
3.6.1. CU:  Centrifuge as talent places the sample tube there, closes lid, and begins run.
3.6.2. MED-over the shoulder:  Talent pipettes autoclaved water over the pellet.
3.7. Pipette 100 µl of sterile water into the tube and re-suspend the cells by gentle finger tapping and pipetting.  Then, plate the cells onto Dropout Medium without histidine and leucine and incubate at 30°C for 3 to 4 days to isolate transformants.
3.7.1. MED:  Talent pipettes 100 µl of sterile water into the tube.
3.7.2. CU:  Tube as talent resuspends the cells by finger tapping and pipetting.
3.7.3. MED-over the shoulder:  Talent plates the cell suspension onto the dropout plates.  TEXT overlay (as narrated):  30°C for 3-4 days 
4. X-gal Filter Assay 
4.1. To begin the X-gal filter assay, cut a triangle out of a nitrocellulose membrane to fit into a 10 millimeter portion of a Petri dish.  Label the nitrocellulose membrane to mark the orientation. 
4.1.1. MED:  Talent cuts a triangle out of a nitrocellulose membrane to 10 millimeters to fit in part of a Petri dish.  Match action in next shot.
4.1.2. CU:  Nitrocellulose membrane as talent cuts the triangle out.
4.1.3. MED-over the shoulder:  Talent labels the nitrocellulose to mark the orientation.
4.2. Place the pre-marked nitrocellulose membrane onto the yeast colonies, ensuring that the membrane is in contact with the surface of the plate medium.
4.2.1. CU:  Plate as talent places the pre-marked nitrocellulose membrane onto the yeast colonies
4.3. Remove the membrane… place it colony side up on a 3 millimeter filter paper… and place the membrane and the filter paper at -80ºC for 15 minutes.
4.3.1. MED-over the shoulder:  Talent removes the membrane.
4.3.2. CU:  Membrane as it is placed colony side up on a 3 mm filter paper.
4.3.3. MED:  Talent places the membrane and filter paper at -80ºC.
4.4. Next, place two circles of 3 millimeter filter paper in a Petri dish and soak them with 5 ml of X-Gal solution.  Drain excess buffer from the Petri dish and place the nitrocellulose membrane in the dish with the colony side up. 
4.4.1. CU:  Petri dish with 5 ml of X-gal solution as talent places two circles of 3 mm filter paper into it.  TEXT overlay:  see text for recipe
4.4.2. MED-over the shoulder:  Talent drains the excess buffer from the Petri dish.
4.4.3. CU:  Petri dish as talent places the nitrocellulose membrane in the dish with the colony side up.
4.5. Close the lid, ensuring that the membrane is making complete contact with the filter paper and it is entirely wet.  Wrap the Petri dish in foil and incubate at 37ºC for 30 minutes to overnight.
4.5.1. MED:  Talent closes the lid and inspects the Petri dish.
4.5.2. ECU:  Membrane showing that it is in complete contact with the filter paper and that it is completely wet.
4.5.3. MED-over the shoulder:  Talent places the wrapped plate into the incubator.
5. Liquid ß-gal assay  
5.1. Grow Yeast in Dropout liquid medium without histidine and leucine to an optical density at 600 nm of 0.7.  Transfer 1 ml of medium into a 1.5 ml microcentrifuge tube and centrifuge at 3000 rpm for 2 minutes.  
5.1.1. CU:  Flask of medium as it rotates in the incubator.  TEXT overlay:  grow until OD600 = 0.7
5.1.2. MED-over the shoulder:  Talent transfers 1 ml of medium into a 1.5 ml microcentrifuge tube.
5.1.3. MED/MED-over the shoulder:  Multiple takes as talent places sample tube in the centrifuge.  Shot will be reused once.
5.2. After discarding the supernatant, add 1 ml of Z Buffer to re-suspend the pellet, and centrifuge as before.  
5.2.1. CU:  Pellet as talent pipettes 1 ml of Z Buffer into the sample tube and re-suspends the pellet.  TEXT overlay:  see text for recipe
5.2.2. Shot 5.1.3 - Talent places the sample tube into the centrifuge.  
5.3. Add 150 μl of Z Buffer with 2-Mercaptoethanol to re-suspend the cell pellet.  Then, add 50 μl of chloroform and 20 μl of 0.1% SDS.  Vigorously vortex the sample for 15 seconds.
5.3.1. CU:  Talent adds 150 μl of Z Buffer with 2-Mercaptoethanol from a labeled container and re-suspends the cell pellet.
5.3.2. MED:  Talent adds 50 μl of chloroform and 20 μl of 0.1% SDS from a labeled container.
5.3.3. CU:  Sample tube as talent vortexes vigorously.
5.4. Next, add 700 μl of ONPG Solution.  Set the timer and incubate at 30°C long enough to allow the yellow color to develop.  After the color develops, note the total reaction time.
5.4.1. MED-over the shoulder:  Talent pipettes 700 μl of ONPG Solution to the sample from a labeled container.  TEXT overlay:  1mg/ml ONPG in Z buffer
5.4.2. CU:  Sample tube as it is left in the 30°C incubator.  
5.4.3. MED-over the shoulder:  Talent stops the timer and writes down the time in a lab notebook.
5.5. Add 500 μl of 1M sodium carbonate to stop the reaction.  Then determine the absorbance at 420 nm.  As a final step, calculate Miller Units as described in the text protocol.
5.5.1. CU:  Sample tube as talent adds 500 μl of 1M sodium carbonate (from a labeled container) to stop the reaction.
5.5.2. MED-over the shoulder:  Spectrophotometer screen as talent determines the absorbance at 420 nm.
5.5.3. CU:  Lab notebook as talent works to calculate the Miller Units.  
6. Results:  X-Gal Lift and β-Gal Liquid Assay Interpretation
6.1. Since yeast has significant sterol production, lacZ expression in yeast can be induced without the need for additional exogenous ligand.  The X-gal lift assay revealed that lacZ expression, as visualized by the blue colonies, is induced in the yeast strain transformed with PXR and SRC-1.  This is shown in the beta galactosidase liquid assay as well.  
6.1.1. LAB MEDIA:  Figure 3.  Editors, please simultaneously highlight the triangle labeled 4 on the yeast plate and plasmid 4 (text) as the 2nd sentence is narrated.  Then highlight bar 4 on the bar graph as the 3rd sentence is narrated.  
6.2. However, there is no induction of LacZ expression in yeast transformed with… empty vectors… PXR alone… or SRC-1 alone. 
6.2.1. LAB MEDIA:  Figure 3.  Editors, please simultaneously highlight the triangle labeled 1 on the yeast plate, the bar labeled 1 on the bar graph, and plasmid 1 as “empty vectors” is narrated.  As “PXR” is narrated, simultaneously highlight the triangle labeled 2 on the yeast plate, the bar labeled 2 on the bar graph, and plasmid 2.  As “SRC-1” is narrated, simultaneously highlight the triangle labeled 3 on the yeast plate, the bar labeled 3 on the bar graph, and plasmid 3.
6.3. Ketoconazole disrupts PXR and SRC-1 interactions in yeast since all the colonies from the replica filter were white, which was also shown by the significantly reduced beta-galactosidase activity by liquid enzymatic assays.
6.3.1. LAB MEDIA:  Figure 4A.  Editors, please highlight the triangle labeled 2 in the left panel as the first part of the sentence is narrated and the bar labeled 2 in the right panel as the second part of the sentence is narrated.
6.4. When yeast transformations were performed with SRC-1 on the PXR double mutant, it revealed that the colonies exposed to ketoconazole still retain LacZ expression.  This is similar to previous studies in this laboratory that showed the same PXR mutant can be activated by a strong ligand but is immune to the antagonistic effects of ketoconazole in mammalian assays.
6.4.1. LAB MEDIA:  Figure 4B.  Editors, please highlight triangle 4 and bar 4 as the 1st sentence 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. Hao Li:  After watching this video, you should have a good understanding of how to perform a careful and well executed yeast two-hybrid assay and the necessary modifications required for the study of small molecular binding residues on proteins.
7.1.1. MED:  Hao speaks toward camera, interview style
7.2. Hao Li:  While attempting this procedure, it’s important to remember to obtain a highly diverse library of mutants of your receptor... achieve good transformation efficiency of the Y2H plasmids… develop near identical replicas of the filter in plates with or without drugs… and finally perform accurate visual and biochemical inspection for LacZ detection.
7.2.1. CU:  Hao speaks toward camera, interview style
7.3. Hao Li:  Following this procedure, other methods like mammalian two-hybrid assays, protein pull-down assays, and in silico docking on homologous models can be performed in order to answer additional questions, like are theses binding residues applicable to proteins in human cells and if so, can a model be made that defines these residues as a pharmacophore.
7.3.1. MED:  Hao 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.

Figure 1 (SchematicFig) 
[bookmark: _GoBack]Gel_vector_insert – Authors, please provide a figure of a gel showing the digested vector and insert with arrows/labels that define them.
Figure 3
Figure 4A – Authors, please provide a separate version of this figure for the video

Figure 4B – Authors, please provide a separate version of this figure for the video

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.
 2011, Journal of Visualized Experiments
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Figure legends:  Cartoon illustrating the principle behind isolation of hPXR mutants resistant to ketoconazole-mediated inhibition for 

SRC-1 interaction. 

		Rifampicin-induced two-hybrid interaction of LexA-DB-hPXR fusion protein with SRC-1 fused to GAL4-activation domain.  



The inteaction results in Blue colonies in an X-gal assay because of the LacZ reporter. 

B. Presence of ketoconazole disrupts the rifampicine-induced interaction of hPXR with SRC-1. X-gal assay results in white colonies.

C. Presence of a mutation (indicated with an astrix) in hPXR that renders it immune to the action of ketoconazole will yeild a blue colony.

D. A second site suppressor mutation (illustrated with half moon) nullifyign the effect of first mutation will result in the disruption of hPXR-SRC-1 interaction and hence a white colony in the X-gal assay.   














