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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: ___N/A___
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.) ___3.6, 4.4, 5.1, 5.2, 5.4 and 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.) ___4.4 and 5.2___
E.  Will the filming need to take place in multiple locations? (Y/N) _N_. If yes, how far apart are the locations? __N/A___
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 procedure is to demonstrate an RNA gel retardation assay designed for the discovery and characterization of RNA binding proteins.  Application of this assay is used to investigate the interaction between TcdA and transfer RNA. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. M. Cristina Vega: This method can provide answers to key questions in the field of RNA biology, such as whether certain protein-RNA interactions exist, whether they are sequence-specific, and the strength of the interactions [1-MED]. 
1.1.1. Cristina speaks toward the camera, interview style.
1.2. M. Cristina Vega: The main advantages of this technique are that it uses very small amounts of protein and RNA sample, and yields very informative results about protein-RNA interactions quite quickly [1-MED].   
1.2.1. Cristina speaks toward the camera, interview style.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Francisco J. Fernández: Though this method can provide insight into protein-tRNA complexes, it can also be applied to other systems, such as ribosomal RNA, messenger RNA and any other type of RNA molecules [1-MED].
1.3.1. Francisco speaks toward the camera, interview style.
Protocol: (read by voice talent at JoVE)
2. Preparation of the tRNA
2.1. In the morning, retrieve a vial of frozen E. coli BL21(DE3) (pronounced as “B-L-twenty-one-D-E-three”) transformed with the expression vector pET23d-EcUUU (pronounced as “pet-twenty-three-D E-C-triple U”) [1-MED].
2.1.1. Talent retrieves the vial of bacteria from the freezer. 
2.2. Streak a low-salt Luria Broth, or LB, plate supplemented with 100 micrograms per milliliter ampicillin [1-CU].  Invert the plate and place it into a 37 degree Celsius incubator until colonies appear in the late afternoon [2-MED-over the shoulder].
2.2.1. Plate as talent streaks a low-salt LB plate with the bacteria onto it.
2.2.2. Talent inverts the plate and places it into the incubator.
2.3. Inoculate one well-grown, single colony in 5 milliliters of LB plus 100 micrograms per milliliter of ampicillin and grow overnight [1-CU-TXT].
2.3.1. 5 mL of LB and plate as talent picks one well-grown-colony off the plate and inoculates the LB.  Use labeled containers.  TEXT Overlay (as “and grow overnight” is narrated): 220 rpm, 37 ºC
2.4. The next morning, pellet the cells [1-MED-TXT].  Following centrifugation, replace the medium with 5 milliliters of fresh LB plus 100 micrograms per milliliter of ampicillin and resuspend [2-CU].  
2.4.1. Talent places the tube of cells into the centrifuge, shuts lid and turns on.  TEXT Overlay: 6500 x g for 10 min at 4 °C
2.4.2. Tube of pelleted cells as talent resuspends in 5 mL of fresh LB plus ampicillin.  Use labeled containers.  
2.5. Use this suspension to inoculate 200 milliliters of LB plus 100 micrograms per milliliter of ampicillin [1-MED-over the shoulder].  Grow the cells for 5 hours at 220 rpm and 37 degrees Celsius [2-MED].
2.5.1. Talent inoculates 200 mL of LB plus ampicillin.  Use labeled containers.
2.5.2. Talent places the cells into the incubator.
2.6. When the optical density of the culture at 590 nanometers has reached 0.6 to 0.8… [1-MED-over the shoulder], add 1 milliMolar IPTG to the culture to trigger the expression of the tRNA(UUU) (pronounced as “T-R-N-A-triple U”) gene [2-CU].  
2.6.1. Talent reads the OD590 and it is between 0.6 and 0.8.
2.6.2. Tube as talent adds 1 mM IPTG to the sample.  Use labeled containers.
2.7. After incubating the cells at 37 degrees for 3 hours [1-MED-over the shoulder], harvest the cells by centrifuging the culture at 6500 x g for 10 minutes at 4 degrees Celsius [2-CU].
2.7.1. Talent pulls the tube of cells out of the incubator.
2.7.2. Tube of cells as talent places into the centrifuge, shuts lid and starts run.
3. Lysis, Extraction, and Purification of tRNA(UUU)
3.1. To perform lysis, first resuspend the cell pellet in 5 milliliters of lysis buffer [1-MED-TXT].
3.1.1. Talent resuspends the pellet in 5 mL of lysis buffer.  TEXT Overlay: Lysis buffer = 0.3 M sodium acetate, 10 mM EDTA  
3.2. Add 1 volume of acid phenol to the resuspended cell pellet in the fume hood and mix for 1 minute by inversion to lyse the cells [1-CU-TXT].  Then, centrifuge at 10,000 x g for 10 minutes at 4 degrees Celsius [2-MED-over the shoulder].
3.2.1. Resuspended cells as talent adds 1 volume of acid phenol, pH 4.3 from a labeled container and mixes by inversion.  Work in fume hood.  TEXT Overlay: acid phenol, pH 4.3
3.2.2. Talent places the sample tube into the centrifuge, shuts lid and turns on.
3.3. Collect the upper aqueous phase containing the soluble tRNA(UUU) using a pipette.  Take care not to aspirate the organic, bottom phase [1-ECU].
3.3.1. Liquid in the tube as talent uses a pipette to collect the upper aqueous phase.
3.4. Precipitate the tRNA by thoroughly mixing the soluble phase with 2.5 volumes of 100% volume/volume ethanol… [1-MED] by inversion for 1 hour at 4 degrees Celsius [2-CU].  Then, centrifuge the mixture at 20,000 x g, for 20 minutes at 4 degrees Celsius [3-MED]. 
3.4.1. Talent adds 2.5 volumes of 100% v/v ethanol to the sample from a labeled container.
3.4.2. Sample being inverted at 4 degrees Celsius.
3.4.3. Talent places the sample into the centrifuge, shuts the lid and turns on.
3.5. Decant the supernatant carefully [1-CU].  Then, resuspend the tRNA-rich pellet in 4 milliliters of gel filtration buffer [2-MED-TXT].
3.5.1. Sample as talent carefully decants the supernatant.  
3.5.2. Talent resuspends the pellet in 4 mL of gel filtration buffer.  TEXT Overlay: See text for gel filtration buffer    
3.6. Following standard chromatographic practice, load the resuspended tRNA(UUU) onto a high-resolution preparative gel filtration column [0-MED] previously equilibrated in gel filtration buffer [1-CU-TXT].  Set the flow rate to 1 milliliter per minute to elute the samples [2-MED-over the shoulder]. 
           3.6.0. ADDED SHOT: MED: Talent places and adjusts the gel filtration column to the purification machine.
3.6.1. Sample as talent loads it onto the column.  TEXT Overlay: See text for column properties
3.6.2. Talent sets the flow rate to 1 mL/min.
4. Sample Preparation
4.1. To begin sample preparation, pipette the corresponding amount of TcdA as indicated in the text protocol into properly labeled 1.5 milliliter centrifuge tubes [1-MED-over the shoulder-TXT].
4.1.1. Talent pipettes the corresponding amount of TcdA into labeled 1.5 mL centrifuge tubes.  TEXT Overlay: See Table 1 in text  
4.2. Add a final concentration of 1.6 milliMolar TCEP (pronounced as letters “T-C-E-P”) and gently mix using a pipette [1-CU-TXT].  Close the lid and incubate the mixture at room temperature for 5 minutes [2-MED-over the shoulder].
4.2.1. Centrifuge tubes as talent adds TCEP from a labeled container and gently mixes using a pipette.  TEXT Overlay: TCEP = tris(2-carboxyethyl)phosphine
4.2.2. Talent closes the lid of the tube and starts a timer to count down from 5 minutes.
4.3. Following incubation, add adenosine triphosphate and magnesium chloride [1-MED-TXT].  Mix with a pipette before incubating the mixture for 5 minutes at room temperature [2-CU].
4.3.1. Talent adds ATP and MgCl2 to the sample from labeled containers.  TEXT Overlay: Final concentrations: 10 µM ATP, 50 mM MgCl2
4.3.2. Sample as talent mixes it with a pipette.
4.4. Next, add purified tRNA(UUU) according to the text protocol and mix the sample with a pipette [1-MED-over the shoulder-TXT].
4.4.1. Talent adds the purified tRNA(UUU) and mixes with a pipette.  Use labeled containers.  TEXT Overlay: See table 1 in text
Original
4.5. After incubating the sample at room temperature for 5 minutes, add phosphate buffered saline up to a 100 microliter final volume [1-CU].  Mix properly and add glycerol to a final concentration of 10% [2-MED].  Vortex the sample before briefly spinning down the contents of the tube [3-MED-over the shoulder-TXT].
4.5.1. Sample as talent adds PBS up to 100 microliters.
4.5.2. Talent mixes the sample and adds glycerol from a labeled container.
4.5.3. Talent vortexes the sample.  TEXT Overlay (as “briefly spinning down the contents of the tube” is narrated): Centrifuge at 10,000 x g, 1 min, 4 °C
AUTHOR NOTE: In 4.5.3. Talent vortexes the sample, but the overlaid text says “spinning down the contents” (= centrifugation). It is assumed, but not shown, that the next step in the protocol consists of the talent putting the tubes into the centrifuge for the spin that is shown with the text.
5. Gel Electrophoresis and Staining to Observe tRNA-Protein Interaction
5.1. Prepare the agarose gel as described in the text protocol [5.1.0 shots/1-CU].  Place the electrophoresis unit into a tray filled with crushed ice to maintain the chamber at 4 degrees Celsius during the electrophoresis run [2-MED-over the shoulder]. 
5.1.0-1. ADDED: Talent places the bottle with agarose into the microwave oven.

5.1.0-2. ADDED: Talent pours the cooled molten agarose into the gel-casting unit. Editor – the authors added these shots but they aren’t really necessary, use clips if we can over the first sentence of 5.1, but don’t worry if not.
5.1.1. Talent places the prepared gel into the electrophoresis unit.
5.1.2. Talent places the electrophoresis unit into a tray filled with crushed ice.
5.2. Carefully, pipette 5 microliters of each sample into the corresponding well [1-CU].  Also add a suitable DNA size marker [2-ECU].  Then, plug the electrodes into the corresponding slots of the power supply unit [3-MED-over the shoulder].  After turning on the power supply unit, set the voltage to 100 Volts and run the gel for 90 minutes [4-CU]. 
5.2.1. Gel as talent pipettes 5 microliters of each sample into the corresponding well.
5.2.2. Well as talent adds the DNA size marker.
5.2.3. Talent plugs in the electrodes to the power supply unit.
5.2.4. Power unit as talent turns it on and sets the voltage to 100 V.
5.3. Next, prepare the staining solution by mixing 50 milliliters of TBE with 1X of a suitable DNA stain [1-MED].
5.3.1. Talent mixes 50 mL of TBE with 1X of the DNA stain. 
5.4. After 90 minutes of electrophoresis, carefully remove the gel from the tray and place it in a container with staining solution [1-CU].  Place the container on a rocker at low rocking speed and rock at room temperature for 30 minutes [2-MED-over the shoulder]. 
5.4.1. Gel as talent carefully removes it from the tray and places it in a container.
5.4.2. Talent places the container of the gel in staining solution on a rocker at low rocking speed and the container beings rocking.
5.5. Remove the agarose gel from the staining container and tap it carefully on a piece of cellulose filter paper to remove excess liquid [1-MED].  Then, place the gel directly on a transilluminator.  Switch on the UV light to visualize bands containing tRNA [2-CU].  Finally, take a photograph of the gel [3-MED-over the shoulder].
5.5.1. Talent removes the agarose gel from the staining container and taps it carefully on a piece of cellulose filter paper.
5.5.2. Transilluminator as talent places the gel on it
AUTHOR NOTE on 5.5.2: the UV light is not turned on because the gel documentation machine does not allow it for safety. In the next step, 5.5.3, when the photograph is taken, the UV light goes on automatically.
5.5.3. Talent takes a photograph of the gel.
6. Results: Evaluation of the Interaction Between TcdA and tRNA(UUU)
6.1. Shown here are representative results of tRNA purification for gel retardation assays [1-LM].  In the chromatogram, the absorbance of the elution fractions at 254 nanometers is recorded [2-LM].  The tRNA pool, enriched in overexpressed tRNA(UUU), elutes at the highest peak [3-LM].  
6.1.1. 55638_Vega_Figure1.tif
6.1.2. 55638_Vega_Figure1.tif – Editors, please zoom into the top portion of the figure showing the chromatogram.
6.1.3. 55638_Vega_Figure1.tif – Editors, please highlight the largest peak in the chromatogram (at about 75 mL).
6.2. The quality and quantity of the tRNA pool is examined by agarose gel electrophoresis [1-LM].
6.2.1. 55638_Vega_Figure1.tif – Editors, zoom back out to the full figure, keeping the highlight on the peak from 6.1.3.  Then, also highlight the three bands in the gel that correspond to this peak.
6.3. The RNA gel retardation assay reveals that TcdA forms a stable complex with tRNA(UUU) [1-LM] in a tRNA concentration dependent manner [2-LM], which results in a protein-tRNA band that migrates more slowly [3-LM] than the free tRNA at the front of the gel [4-LM].
6.3.1. 55638_Vega_Figure2.tif
6.3.2. 55638_Vega_Figure2.tif – Editors, please highlight the label at the top of the gel that says Protein (µM) and the corresponding values, as well as the right triangle at the top of the gel.
6.3.3. 55638_Vega_Figure2.tif – Editors, please highlight the entire section of the gel corresponding to the 2 Complex tRNA:protein labels to include the smears of bands in that area.
6.3.4. 55638_Vega_Figure2.tif - Editors, please highlight the 4 bands at the bottom of the gel labeled “Free tRNA”.
7. Conclusion (said by authors on camera)

7.1. M. Cristina Vega: Once mastered, this technique can be done in less than 2 hours if it is performed properly.  While attempting this procedure, it’s important to remember to follow strict laboratory techniques to ensure the chemical stability of the RNA [1-MED].
7.1.1. Christina speaks toward the camera, interview style.
7.2. M. Cristina Vega: After watching this video, you should have a good understanding of how to use the agarose gel retardation assay to investigate the interaction of your protein of choice with tRNA or any other type of RNA [1-MED].
7.2.1. Christina speaks toward the camera, interview style.
7.2.2. Authors ADDED: Suggested final shot: We suggested to film a final shot at a meeting room where the authors are looking on a presentation depicting the results (media files) and interacting while they discuss the results of the experiment. – NLC: Suggest you maybe use this shot and just the VO for 7.2, so have this video plating whilst M. Christine Vega narrates 7.2
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.

55638_Vega_Figure1.tif
55638_Vega_Figure2.tif
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.
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