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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 2.4, 3.4-3.6, 4.1-4.4, 4.7-4.10
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The most difficult aspect is to avoid microarray artefacts, and we avoid them by optimizing protein-DNA binding conditions using EMSA and qPCR, as well as following up the DAP-chip results with EMSA validations for predicted binding site motifs.


1. Introduction (Schematic Overview and Interview)

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

Conceptual Narrative:
The overall goal of the following experiment is to determine genomic binding sites of bacterial two-component response regulators using an in vitro microarray based assay. (Intro)

This is achieved by cloning and purifying a tagged response regulator protein, activating it by in vitro phosphorylation, and determining one gene target using electrophoretic mobility shift assays to use as a positive control for the downstream microarray steps. (P1, show top cloning image first. Then make “Purified RR” green circles appear with the “Purified RR” label above the circles followed by “acetyl phosphate” under the circles. Make a “P” appear next to each green circle followed by the disappearance of the “Purified RR” label and appearance of the “Activated RR” label above the circles.)

As a second step, the purified response regulator protein is mixed with sheared genomic DNA, which allows the protein-bound DNA to be separated from input DNA using affinity purification. (P2, show Activated RR green circles from P1 and Sheared genomic DNA blue squiggly lines. Make the circles and squiggly lines move together and overlap to look like the image below the black arrow. Then make the image split into two and become the bottom two protein-bound DNA and input DNA images. Make “input DNA” and “Protein-bound DNA” labels appear under the left and right images, respectively.)  

Next, the protein-bound DNA and input DNA are amplified, qPCR-verified for the enrichment of the positive control gene target in the protein-bound fraction, fluorescently labeled, pooled, and hybridized to a tiling microarray in order to determine the genomic binding sites of the response regulator. (P3, show protein-bound DNA and input DNA images from P2. Then make the Activated RR green circles move away from each image to give the blue squiggly lines under the black arrows. Make the right “qPCR verify positive target enrichment” graph appear. Then make the “label with Cy3” and “label with Cy5” words appear under the left and right blue squiggly line images, respectively. Finally make the left blue squiggly lines change to green and the right blue squiggly lines change to red.)

The results show the most likely genes that are regulated by the response regulator under study, and the results can be further validated using electrophoretic mobility shift assays. (P4, show Figure 3G.)
[image: ]
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Aindrila Mukhopadhyay: The main advantage of this technique over existing methods, like in vivo ChIP-chip, is that it can be used even if activating signals and conditions for the two component signaling system are unknown.   
1.2. Lara Rajeev: This method is of great importance to the bacterial signaling field, as the vast majority of response regulators have unknown gene targets, and this method helps to unravel intricate regulatory networks.  
1.3. **Aindrila Mukhopadhyay: Demonstrating the procedure will be Amy Chenn a research assistant from my laboratory. 
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Protocol (read by voice talent at JoVE):
2. Determine Gene Target for Response Regulator Using Electrophoretic Mobility Shift Assay
2.1. Prior to starting this procedure, purify an RR, specifically the DVU3023 protein, expressed from a cloned DVU3023 gene (TEXT: RR: Response Regulator; See text protocol for cloning and purification procedures). Mix 0.5 pmol of DVU3023 protein with 100 fmol of a previously prepared biotinylated DNA substrate in a buffered solution (TEXT: Buffered solution: 10 mM Tris HCl pH 7.5, 50 mM KCl; 5 mM MgCl2, 1 mM DTT, 25% glycerol, 1 μg/ml poly dI.dC) to a total volume of 20 μl. After setting up a reaction without any protein as a control, incubate the reactions at room temperature on the bench for 20 min. 
2.1.1. WID: Talent walks up to lab bench with purified DVU3023 protein in hand.
2.1.2. MED-over the shoulder: Talent mixes DVU3023 protein and biotinylated DNA substrate together in a tube.
2.1.3. MED: Talent places reactions in incubator at room temperature on the bench.
2.2. Following incubation, add 5 μl of 5X loading buffer (TEXT: 5X Loading buffer: 0.1% bromophenol blue, 0.1% xylene cyanol, 30% glycerol in 1X TBE) to the binding reactions. Load 18 μl of each reaction onto a previously prepared mini 6% polyacrylamide-0.5X TBE gel and run at 100 V for 2 hrs. 
2.2.1. MED-over the shoulder: Talent adds 5X loading buffer to tubes containing binding reactions.
2.2.2. CU: SDS denaturing gel as talent loads adds reactions to each well with a pipette.
2.2.3. MED: Talent turns on electrophoresis system, sets voltage, and starts the run.
2.3. After the gel has been run, cut a charged nylon membrane to the size of the gel and soak it in 0.5X TBE for at least ten minutes. Then, remove the gel from the cassette. 
2.3.1. MED-over the shoulder: Talent cuts charged nylon membrane to appropriate size and places it in container containing 0.5X TBE.
2.3.2. MED: Talent removes gel from cassette.
2.4. Cut any ridges off the gel, and sandwich the gel and membrane between two thick filter papers soaked in 0.5X TBE. Place the gel and membrane inside a semi-dry blotting apparatus and run at 20 V for 30 min. 
2.4.1. CU: Gel and membrane as talent places them between two TBE-soaked filter papers inside the semi-dry blotting apparatus. Talent also cuts gel ridges in this shot
2.4.2. MED-over the shoulder: Talent places gel and membrane in semi-dry blotting apparatus rolls out air bubbles in the sandwich (ok to leave out of narrative), turns apparatus on, sets voltage, and starts the run. 
2.5. Following this, place the membrane inside a commercial UV light crosslinker instrument, and set the time to 3 min.      
2.5.1. MED: Talent places membrane inside UV light crosslinker instrument and sets appropriate time.
2.6. After developing the blot using a chemiluminescent detection kit, image it using a computer hooked up to a CCD equipped camera. Look for a shift in the DNA substrate mobility in the presence of the RR, which indicates that the RR binds the DNA being tested. 
2.6.1. SCREEN: Computer screen as talent opens imaging software.
2.6.2. SCREEN: Computer screen as talent looks for shift in DNA substrate mobility.
3. Verify Target Enrichment After Genomic DNA-protein Binding 
3.1. Next, mix 2-3 μg of sheared genomic DNA with 0.5 pmol of DVU3023 in a buffered solution (TEXT: Buffered solution: 10 mM Tris-HCl pH 7.5, 1 mM DTT, 50 mM KCl, 5 mM MgCl2, 25% glycerol, 50 mM acetyl phosphate). After incubating the reaction at 25C for 30 min, transfer 10 μl of it to a 1.5 ml tube and label it as input DNA.  
3.1.1. CU: Tube as talent mixes sheared genomic DNA and DVU3023 in it.
3.1.2. MED-over the shoulder: Talent transfers aliquot of reaction to 1.5 ml tube and labels it.    
3.2. Add 30 μl of Nickel-NTA agarose resin to a 0.6 ml microfuge tube. Centrifuge the sample at 100 x g for 1 min to collect the resin at the bottom of the tube. Following centrifugation, remove the supernatant.  
3.2.1. CU: Microfuge tube as talent adds Nickel-NTA agarose resin to it.
3.2.2. MED: Talent places tube containing sample in centrifuge, programs the appropriate settings, and turns it on. [Take 3 was mis-slated as Shot 3.2.3]
3.2.3. MED-over the shoulder: Talent removes supernatant from tube.    
3.3. At this point, add 100 μl of wash buffer (TEXT: Wash buffer: 10 mM Tris-HCl pH 7.5, 5 mM MgCl2, 50 mM KCl, 25% glycerol) and flick the tube to mix the contents.
3.3.1. MED: Talent adds wash buffer to tube and flicks it to mix the contents.
3.4. After centrifugation at 100 x g for 2 min and removal of the supernatant, add the remaining 90 μl of the binding reaction to the washed Nickel-NTA resin. Then, incubate the sample in a rotary shaker for 30 min. 
3.4.1. CU: Tube containing washed Nickel-NTA resin as talent adds binding reaction to it.
3.4.2. MED-over the shoulder: Talent places sample on rotary shaker and turns it on.     
3.5. When finished, centrifuge the sample at 100 x g for 2 min. After removing the supernatant, repeat the wash steps three more times. 
3.5.1. Reuse shot 3.2.2. – use the part that shows turning the centrifuge on.
3.5.2. MED-over the shoulder: Talent adds wash buffer to tube and flicks it to mix the contents.
3.6. Next, add 35 μl of elution buffer (TEXT: Elution buffer: 20 mM sodium phosphate buffer pH 8, 500 mM NaCl, 500 mM imidazole) to the resin and mix by vortexing. Incubate the sample on the bench at room temperature for 5 min. 
3.6.1. CU: Tube containing resin as talent adds elution buffer to it.
3.6.2. MED-over the shoulder: Talent briefly places tube on vortex mixer.
3.6.3. MED: Talent places tube on lab bench for sample incubation.
3.7. After centrifuging the sample, transfer the supernatant to a new 1.5 ml tube and label it as the protein-bound DNA fraction. Then, add 35 μl of the elution buffer to the input DNA.     
3.7.1. MED-over the shoulder: Talent transfers supernatant to new 1.5 ml tube and labels it.
3.7.2. CU: Tube containing input DNA as talent adds elution buffer to it.
3.8. Following purification of the input and protein-bound DNA fractions, add 10 μl of each to separate PCR tubes. Then, add 1 μl of 10X Fragmentation buffer, 2 μl of Library Preparation buffer, and 1 μl of Library Stabilization solution to each sample. 
3.8.1. MED: Talent adds input and protein-bound DNA fractions to separate PCR tubes.
3.8.2. MED-over the shoulder: Talent adds appropriate reagents to each tube.
3.9. Mix the samples well by vortexing. Heat the samples in a thermal cycler at 95C for 2 min. When finished, chill the samples on ice.      
3.9.1. MED: Talent briefly places each sample on vortex mixer.
3.9.2. MED-over the shoulder: Talent places samples in thermocycler, programs the appropriate settings, and turns it on.
3.9.3. MED: Talent places samples on ice.
3.10. Next, add 1 μl of Library Preparation Enzyme to the samples and mix the contents by pipetting. Incubate the samples in a thermal cycler (TEXT: 16 C/20 min, 24 C/20 min, 37 C/20 min, 75 C/5 min, and hold at 4 C). 
3.10.1. CU: Tubes containing samples as talent adds Library Preparation Enzyme to them and     pipettes each solution up and down to mix the contents.  
3.10.2. MED: Talent places tubes in thermocycler, programs the appropriate settings, and turns it on.  
3.11. After incubation, add 47.5 μl of water, 7.5 μl of 10X amplification master mix, and 5 μl of polymerase to each tube. Once the samples have been mixed, heat them in a thermal cycler (TEXT: 95 C/3 min, followed by 20 cycles of 94 C/15 s, 65 C/5 min, and hold at 4 C).
3.11.1. MED-over the shoulder: Talent adds appropriate reagents to each tube.
3.11.2. Reuse shot 3.10.2. – use the part that shows turning the thermocycler on.
3.12. Set up triplicate qPCR reactions for each DNA template by preparing a 1X master mix for each previously designed primer set (TEXT: 1X Master mix: 10 μl of 2X Sybr Green qPCR mix, 0.5 μM of each primer and water to a total of 18 μl). Then, aliquot 18 μl of the master mix per well of a 96-well PCR plate.
3.12.1. MED-over the shoulder: Talent mixes appropriate reagents together to make 1X master mix for each primer set.
3.12.2. CU: 96-well PCR plate as talent adds master mix aliquot to each well.   
3.13. Dilute the amplified and purified input and protein-bound DNA samples with water to 5 ng/μl and add 2 μl of each sample to the wells.      
3.13.1. MED-over the shoulder: Talent adds water to purified input and protein-bound DNA samples and adds each sample to the wells.
3.14. Following this, seal the plate with an ultra clear qPCR sealing film. Spin down the plate in a centrifuge at 200 x g for 1 min. After placing the plate in a real time qPCR machine, cycle using the following conditions (TEXT: 95 °C/1 min, and 40 cycles of 95 °C/10 s, 59 °C/15 s, and 70 °C/35 s). 
3.14.1. MED: Talent seals the plate with qPCR sealing film.
3.14.2. MED-over the shoulder: Talent places plate in centrifuge, programs the appropriate settings, and turns it on.
3.14.3. SCREEN MED: Computer screen as talent inputs appropriate conditions using the associated qPCR software.
4. DNA Labeling and Array Hybridization
4.1. To label input DNA with Cy3 (pronounced sigh-3) and enriched DNA with Cy5 (pronounced sigh-5), mix 1 μg of DNA with 40 μl of Cy3/Cy5-labeled 9-mers and adjust the volume to 80 μl with water. Heat denature the samples at 98 C for 10 min in the dark in a thermal cycler. When finished, quick chill the samples on ice for 2 min. 
4.1.1. CU: Tubes as talent mixes DNA and Cy3/Cy5-labeled primers and adds water.
4.1.2. Reuse shot 3.10.2. – use the part that shows turning the thermocycler on.
4.1.3. MED-over the shoulder: Talent places samples on ice. 
4.2. Add 2 μl of 3’-5’exo-polymerase, 5 mM of deoxynucleotide triphosphates, and 8 μl of water to each reaction.  After mixing, incubate the reactions at 37C for 2 hrs in the dark in a thermal cycler. 
4.2.1. MED: Talent adds appropriate reagents to each reaction.
4.2.2. Reuse shot 3.9.2. – use the part that shows turning the thermocycler on. 
4.3. At this point, add EDTA to 50 mM to stop the reactions and sodium chloride solution to 0.5 M. Then, transfer to 1.5 ml tubes containing a 0.9 volume of isopropanol. Following incubation in the dark for 10 min, centrifuge the samples at 12,000 x g for 10 min (TEXT: Pellet should be pink for Cy3-labeled DNA and blue for Cy5-labeled DNA). 
4.3.1. MED-over the shoulder: Talent adds EDTA and sodium chloride solution to tubes containing reactions.
4.3.1.1. CU Talent transfers samples to 1.5 ml tubes containing a 0.9 volume isopropanol
4.3.2. CU: Tubes as talent removes them from centrifuge to observe pink and blue pellets.
4.4. Pool together 6 μg each of the Cy3- and Cy5-labeled DNA in a 1.5 ml tube and vacuum dry in a centrifuge on low heat in the dark by covering the centrifuge lid if it is transparent.
4.4.1. MED: Talent mixes Cy3- and Cy5-labeled DNA in 1.5 ml tube.
4.4.2. Reuse shot 3.14.2. – use the part that shows turning the centrifuge on. Talent places samples in vacuum centrifuge.
4.5. Once the pellets are dry, resuspend them in 5 μl of water. Then, add 13 μl of a previously prepared 1X hybridization solution master mix to the samples.   
4.5.1. CU: Tubes containing pellets as talent adds water to it.
4.5.2. MED: Talent adds 1X hybridization solution master mix to samples. 
4.6. After vortexing for 15 s, incubate the samples at 95C in a dry bath for 5 min. Remove the samples from the dry bath and place them in a hybridization system at 42C until ready for loading.        
4.6.1. MED-over the shoulder: Talent places samples in the dry bath.
4.6.2. MED: Talent removes samples from dry bath and places them in hybridization system.
4.7. Next, place the previously prepared mixer-slide assembly within the hybridization system. Load 16 μl of sample into the fill port. Then, seal the ports with an adhesive film and turn the mixing on in the system. 
4.7.1. MED-over the shoulder: Talent places mixer-slide assembly within hybridization system.
4.7.2. CU: Fill port as talent loads each sample into it. [only one take since that was all the sample that was prepared]
4.7.3. MED: Talent seals ports with adhesive film and turns on the mixing function.
4.8. After hybridizing for 16-20 hrs at 42C, slide the mixer-slide into a disassembly tool and place it inside a dish containing warm Buffer I. Peel the mixer off while vigorously shaking the disassembly tool. 
4.8.1. MED-over the shoulder: Talent slides mixer-slide into disassembly tool and places it in dish of warm Buffer I.
4.8.2. MED: Talent peels mixer off and manually shakes disassembly tool. [only one take since that was all the sample that was prepared]
4.9. Place the slide into a container with 50 ml of Wash buffer I and shake vigorously for 2 min.  Then, repeat the previous step with 50 ml of Wash buffer II and 50 ml of Wash buffer III. 
4.9.1. MED-over the shoulder: Talent places slide into container with Wash buffer I and manually shakes it.
4.9.2. MED: Talent places slide into container with appropriate Wash buffer and manually shakes it.
4.10. Quickly blot the edges of the slide on a paper towel. After placing the slide in a slide rack, dry it by centrifuging at 200 x g for 2 min. When finished, place the slide within a slide case, wrap it with foil and store it in a desiccator until microarray analysis. 
4.10.1. CU: Slide as talent blots edges with paper towel.
4.10.2. Reuse shot 3.14.2. – use the part that shows turning the centrifuge on. Talent places slides in slide rack and inside the centrifuge
4.10.3. MED: Talent places slide within a slide case, wraps it in foil, and places it in a desiccator.
5. Results: DAP-chip Analysis of Gene Targets and Binding Sites for Response Regulators 
5.1. RR DVU3023 shifted the upstream region of DVU3025. qPCR showed that the DVU3025 upstream region is enriched in the protein-bound fraction relative to the input DNA, thus indicating that the binding conditions were appropriate for DVU3023. DVU0013 was a negative control.
5.1.1. LAB MEDIA: Figure 3 (Figure 3.tif, Figure 3B.pptx, Figure 3C.pptx) (Video Editor: Show image B for first sentence. Show graph C for second sentence and make “pDVU3025” and corresponding black arrow appear. Make “pDVU0013” and corresponding black arrow appear for third sentence.)
5.2. The top four peaks obtained after DAP-chip analysis were chosen as the most likely targets for DVU3023. 
5.2.1. LAB MEDIA: Figure 3D (Figure 3.tiff, Figure 3D.pptx) (Video Editor: Show this figure for first sentence.)
5.3. The positive target DVU3025 was the first peak obtained with the highest score. Two gene targets are two other singly encoded lactate permeases. The fourth gene target does not lie in an upstream region, but in the intergenic region between two convergently transcribed genes. 
5.3.1. LAB MEDIA: Figure 3E (Figure 3.tiff, Figure 3E.pptx) (Video Editor: Highlight or point to “3025” for first sentence, “2451” and “3284” for second sentence, and “652” and “653” for third sentence.)
5.4. Using the upstream regions of targets obtained by DAP-chip, MEME was used to predict a binding site motif. The motif was further validated by making substitutions in the conserved bases within the motif, which eliminated the binding shift.      
5.4.1. LAB MEDIA: Figure 3F (Figure 3.tiff, Figure 3F-1.pptx) (Video Editor: Highlight or draw a square around the top “DAP-chip target based” image for first sentence.) 
5.4.2. LAB MEDIA: Figure 3G (Figure 3.tiff, Figure 3G.pptx) (Video Editor: Show this table for second sentence.)
5.5. The validated motif was used to scan other sulfate-reducing bacteria genomes that had DVU3023 orthologs. Loci were chosen as possible gene targets when the motif was located in upstream regions of open reading frames. Using motif sequences predicted for orthologous RRs, a consensus binding site motif was generated, which closely resembled the one for D. vulgaris Hildenborough. 
5.5.1. LAB MEDIA: Table 3 (Table 3.pptx) (Video Editor: Show this table for first two sentences.)
5.5.2. LAB MEDIA: Figure 3F (Figure 3.tiff, Figure 3F-2.pptx) (Video Editor: Show this figure for third sentence.)

6. Conclusion (said by authors on camera)
6.1. Lara Rajeev: After watching this video, you should have a good understanding of how to use the DAP-chip method to determine gene targets for regulatory proteins.
6.2. Aindrila Mukhopadhyay: This method may be employed for analyzing the binding sites for any regulatory protein, provided the protein can be purified and there is a genome sequence available. 
       

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, 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.

5.1.1 – Figure 3B.pptx - RR DVU3023 shifted the upstream region of DVU3025
5.1.1 – Figure 3C.pptx - qPCR showed that the DVU3025 upstream region is enriched in the protein-bound fraction
5.2.1 – Figure 3D.pptx – Top 4 peaks chosen as most likely targets
5.3.1 – Figure 3E.pptx – Schematic of the top four peaks
5.4.1 – Figure 3F-1.pptx – Predicted binding site motif based on DAP-chip targets
5.4.2 – Figure 3G.pptx – Validation of predicted motif
5.5.1 – Table 3.pptx – Binding site motifs in other genomes
5.5.2 – Figure 3F-2.pptx – Predicted binding site motif based on targets and orthologs
SchematicFig – SchematicFig.pptx authors, please include a schematic figure to correlate with the narrative overview text in section 1A. See attached instructions.


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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