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Authors, please fill out the brief questionnaire below.   

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  
Can you record movies/images using your own microscope camera? (Y/N)___N______  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________
B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _______________2.6 2.7____5.4 5.5________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___2.6 2.7________________________
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 


A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this protocol is to analyze RNA-protein interactions using horizontal native gel electrophoresis. (Intro)


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Megan Dowdle: This method can help answer key questions in RNA biochemistry, such as defining the characteristics of specific RNA-protein interactions. 
1.2. Megan Dowdle: The main advantage of this technique is that it allows complex formation to be monitored multiple times during electrophoresis.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

	N.A.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
	N.A.  





















Protocol: (read by voice talent at JoVE)

2. Preparing the horizontal native polyacrylamide gel

2.1. For the horizontal gel apparatus, use a gel box with a 27 cm by 21 cm casting tray and a capacity for two 24-well combs. [1-MED] This set-up provides a total of 48 samples that can be analyzed simultaneously. [2-MED] 

2.1.1. Talent setting out a gel box, a casting tray, and two 24-well combs.
2.1.2. Talent inserting the two combs into the casting tray.

2.2. Prepare 2 liters of 1X TBE running buffer by diluting 400 mL of 5X TBE with 1600 mL of water and mixing. [1-MED-TXT] Place the TBE buffer in the cold room to cool.  [2-WIDE]

2.2.1. Talent pouring 400 mL of 5X TBE and 1600 mL of water into a 2-L graduated cylinder, covering the container and inverting it.  TEXT: TBE: Tris-Borate-EDTA pH 8.0
2.2.2. Talent taking the container of 1X TBE buffer to the cold room.

2.3. Prepare the following reagents following standard procedures: 40% Acrylamide-Bis 19 to 1, 5X TBE, TEMED, and 10% ammonium persulfate. [1-MED] 

2.3.1. Talent setting out these previously prepared reagents (clearly labeled), in this order: 40% Acrylamide-Bis 19:1, 5X TBE, TEMED, 10% APS.

2.4. To make a 10% native acrylamide gel, add the following to a 500-mL flask: 80 mL of 5X TBE, 100 mL of 40% acrylamide, and water to a final volume of 400 mL. [1-MED]

2.4.1. Talent adding to a 500-mL flask the appropriate volume of 5X TBE, 40% acrylamide and water. 

2.5. Add 4 mL of 10% ammonium persulfate and 400 µL of TEMED and mix well.  [1-MED] 

2.5.1. Talent adds 10% APS and TEMED to the flask, then covers and swirls the flask.

2.6. Pour the mix into the horizontal casting tray and allow the gel to polymerize [1-CU] in the fume hood for 30 minutes. [2-MED] 

2.6.1. Mix being poured completely into the casting tray in the fume hood.
2.6.2. Talent starting to walk away from the fume hood. 

2.7. The polymerized gel will be approximately 2-cm think and a thin layer of liquid will remain on top of the gel. [1-CU] Place the gel into the gel box, and take it into the cold room [2.8.1]. Next, pour the liquid off and rinse with running buffer. [2-MED] Remove the combs carefully [3-CU], add 2 liters of cold running buffer to the gel box [2.8.2], and then use a syringe to rinse the wells with running buffer. [4-CU]

2.7.1. A CU shot of the polymerized gel to show its thickness and the thin layer of liquid on top.
2.8.1 Talent taking the casting apparatus into the cold room.
2.7.2. *film as written.
2.7.3. *film as written.
2.8.2. Adding 2L cold running buffer to gel box
2.7.4. *film as written.

2.8. [bookmark: _GoBack]Prepare for pre-running of the gel [1-WIDE] by adding 2 liters of cold running buffer to the gel box and inserting the gel. [2-MED] 

2.8.1. Talent taking the casting apparatus into the cold room.
2.8.2. *film as written.

2.9. Pre-run the gel at 120 V for 1 hour at 4 °C in a cold room. [1-MED]

2.9.1. Talent connecting the apparatus to the power supply, setting the voltage to 120 V, and starting the run. 

3. Binding reaction

3.1. While the gel is being pre-run, prepare the binding reactions. [1-MED-TXT] 

3.1.1. Talent labeling 4 RNase-free microcentrifuge tubes and setting out previously prepared binding reaction components (i.e., BSA, DTT, yeast tRNAs, buffer, Bicaudal-C protein, fluorescein labeled RNA). Video editor: Add overlay text after the tubes have been labeled and talent is setting out binding reaction components. TEXT:  Refer to the manuscript for the preparation of each reaction component.  

3.2. Add the following binding reaction components to each RNase-free microcentrifuge tube, [1-MED] in this order:  5 μL of 10 mM BSA, 5 μL of 20 mM DTT, 5 μL of 10 mM yeast tRNAs, 10 μL of 5X Binding Buffer, Bicaudal-C protein to a final concentration of 250 nM in 50 μL, DEPC-treated water to a final volume of 45 μL, and 5 μL of fluorescently labeled RNA substrate. [2-JoVE stock graphics]

3.2.1. General shot of talent pipetting BSA to each of the tubes.
3.2.2. Show JoVE stock graphic of an open cap microcentrifuge tube (open cap tube in Resource ID# 630), make a micropipettor (Resource ID# 2538) appear above the tube, and then add text overlay as each reagent is narrated. TEXT: 5 μL 10 mM BSA; 5 μL 20 mM DTT; 5 μL 10 mM yeast tRNAs; 10 μL 5X Binding Buffer; Bicaudal-C protein; DEPC-treated H2O to 45 μL; 5 μL fluorescently labeled RNA substrate.  

3.3. Close the tubes and flick gently to mix, [1-CU] centrifuge the tubes briefly, [2-MED] and incubate in the dark for 30 minutes at room temperature.  [3-MED] 

3.3.1. One tube is closed and then gently flicked.
3.3.2. Talent putting all tubes into the centrifuge and starting a brief spin.
3.3.3. Talent covers the tubes (in a rack) with foil, and places the rack and tubes into a drawer.

4. Analysis of samples 

4.1. When the binding reactions are complete, [1-MED] add 15 μL of 50% glycerol to each reaction, and mix gently. [2-MED] 

4.1.1. Talent opening the drawer and taking out the rack with 4 tubes. (from 3.3)
4.1.2.  Talent adds 15 μL of 50% glycerol to each of the 4 tubes, then caps one of them and flicks it gently.

4.2. Carefully load 30 μL of each reaction into the wells of the gel. [1-MED] The amount of sample that can be loaded into a single well varies depending on the thickness of the gel and the size of the wells. [2-CU]

4.2.1. Talent carefully loading one reaction into a well of the gel. (in the cold room).
4.2.2. Match action above: a reaction being loaded into a well.

4.3. Connect the power supply to the gel apparatus, switch on the power, adjust the voltage to 120 V, and run the gel in 4 °C. [1-MED-TXT] 

4.3.1. Talent connects the gel apparatus to the power supply, switches the power on, and adjusts the voltage to 120 V.  TEXT: approximately 5 V/cm

4.4. To prevent damaging or bleaching of the fluorescently labeled RNA, conduct electrophoresis in the dark. [1-MED]  Electrophoresis times will vary depending upon the specifics of the RNA-protein complex being analyzed.  [2-WIDE]

4.4.1. Talent covering the gel apparatus with foil or a box.
4.4.2. Talent switching off light in the cold room and then exiting the cold room.

5. Imaging the Gel 

5.1. A major advantage of the horizontal electrophoretic mobility shift assay analysis is that electrophoresis can be stopped [1-MED] and the gel imaged prior to completion of the run. [2-WIDE]

5.1.1. Talent (inside the cold room) stopping the electrophoresis and removing the gel from the apparatus.
5.1.2. Talent exiting the cold room carrying the gel.

5.2. Perform analysis with any instrument designed for detecting and imaging fluorescent substrates. [1-MED] 

5.2.1. Talent placing the gel on the imager.

5.3. Adjust the imager settings. For fluorescein-labeled RNA ligands, use the following settings: fluorescein wavelength of 473 nm, photomultiplier voltage of 750 V, and pixel size of 100 μm. [1-MED-TXT]

5.3.1. Talent adjusting the settings for the imager.  TEXT: fluorescein wavelength 473 nm; PMT 750 V; pixel size 100 μm

5.4. Scan the gel to capture image. [1-MED]

5.4.1. Over the shoulder shot of talent starting the scan of the gel.

5.5. After imaging, the gel can be placed back into the apparatus [1-CU] and electrophoresis can be continued for longer times. [2-MED]

5.5.1. Gel being placed into apparatus (in cold room).
5.5.2. Talent connects the gel apparatus to the power supply, switches the power on, and adjusts the voltage to 120 V.  


6. Results: Horizontal gel electrophoresis enhances the detection of distinct RNA-protein complexes

6.1. The binding of the Xenopus Bicaudal-C or Bicc1 (Voiceover: pronounced: “Bic C”) protein to a fluorescently labeled Cripto-1 mRNA containing a Bicc1 binding site was analyzed by both vertical [1-LM] and horizontal native gel electrophoresis. [2-LM] As a negative control, Bicc1 was mixed with a fluorescently labeled RNA derived from cyclin B1 mRNA. [3-LM]

6.1.1. Show panel A only of ‘56031fig1large.jpg’ Draw a box around the right-most lane/column that has the upper band.
6.1.2. Add panel B below panel A of ‘56031fig1large.jpg’ Draw a box around the 5th and 6th lanes/columns from the left that has the upper bands.
6.1.3. Panels A and B of ‘56031fig1large.jpg’  Draw a box around the 2nd lane/column from the left in panel A and a box around the 7th and 8th lanes/columns from the left in panel B.

6.2. It was readily apparent using either method that Bicc1 binds to the Cripto-1 RNA and forms a specific complex. [1-LM] However, the Bicc1-Cripto-1 complexes were significantly more distinct when analyzed with the horizontal gel, facilitating their detection and allowing the discrimination of protein-RNA complexes from unbound RNA. [2-LM]

6.2.1. Panels A and B of ‘56031fig1large.jpg’ Circle the upper band in the right-most lane of A and the upper bands in the 5th and 6th lanes from the left of B.
6.2.2. Zoom in to the two upper bands in lanes 5 and 6 of panel B.

6.3. After imaging, the gel was returned to the gel apparatus, electrophoresed for an additional three-and-a-half hours, and re-imaged. [1-LM] As shown here, the complexes had migrated further and were still readily detectable, indicating their stability. [2-LM]

6.3.1. Show panel C only of ‘56031fig1large.jpg’  
6.3.2. Panel C only of ‘56031fig1large.jpg’ Circle the two upper bands in the 5th and 6th lanes from the left.


7. Conclusion (said by authors on camera)
7.1. Megan Dowdle: Once mastered, this technique can be done in 4 to 5 hours if it is performed properly.
7.2. Megan Dowdle: After watching this video, you should have a good understanding of how to analyze RNA-protein interactions using horizontal native gel electrophoresis.  


Provided Media

6.1 – 6.3. 56031fig1large.jpg



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 are included in the email accompanying the finalized script.
 2017, Journal of Visualized Experiments

