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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y_____ 

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.) 2.4, 2.5, 3.2, 4.3, 4.4, 6.1 
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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 & 4.5 - blotting the gel. The big gel is very fragile at this point, so it is important to handle with care to avoid breaking it.
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? (Y/N) __N_____
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 experiment is to quantify the abundance and charging levels of transfer RNAs in Escherichia coli. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Thomas: This method can help answer key questions in the cell biology field, such as how the tRNA charging levels change at different growth states [1-MED].
1.1.1. Thomas speaks towards the camera, interview style.
1.2. Thomas: The main advantage of this technique is that RNA levels can be quantitatively compared even between growth states that drastically alter the composition of the RNA pool of the cells [1-MED].
1.2.1. Thomas speaks towards the camera, interview style.
Protocol: (read by voice talent at JoVE)
2. Preparation of Spike-in Cells, Harvesting of Experimental Samples and Addition of Spike-in Cells
2.1. Start this experiment by growing experimental and spike-in E. coli cultures, according to the text protocol [1-MED-TXT]. Grow the spike-in culture at 37 degrees Celsius while shaking at 160 rpm [2-MED-over the shoulder-TXT].
2.1.1. Talent inoculates the cell cultures. TEXT Overlay: E. coli strain MAS1074 + experimental cells
2.1.2. Talent transfers the cell cultures to a shaker. TEXT Overlay: For all buffers, solutions, and probes, see the text protocol.
2.2. When the spike-in culture has reached an OD436 of about 0.1… [1-MED-over the shoulder], induce the expression of tRNAselC (Pronounced: t-R-N-A-sel-C) by adding IPTG [2-MED-TXT]. Grow the culture until it reaches an OD436 of about 0.5 [3-MED-over the shoulder-TXT]. Then, move the culture to ice until all samples have been harvested [4-MED-over the shoulder].
2.2.1. Talent holds up flask to estimate density. OR Talent reads OD in the spectrophotometer.

2.2.2. Talent pipettes IPTG to the culture. TEXT Overlay: IPTG= isopropyl β-D-1-thiogalactopyranoside, 1 mM final concentration.
2.2.3.  Film the flask starting to shake again. TEXT Overlay: 3-4 h of growth to OD436 ~0.5
2.2.4. Talent transfers the culture to ice.

2.3. After that, prewarm one 100 milliliter capped culture flask containing 4 milliliters of 10 percent TCA for each sample in a 37 degrees Celsius water bath [1-MED-over the shoulder-TXT].
2.3.1. Talent pipettes TCA into a culture flask next to a water bath, and then places the flask in. TEXT Overlay: TCA: trichloroacetic acid. Caution: toxic and corrosive!
2.4. Measure and record the OD436 of the experimental cultures directly before cell harvest [1-MED-over the shoulder]. Then, transfer 4 milliliters of culture to a prewarmed TCA-containing flask. Mix the sample by hand-swirling the flask for 5 seconds, which will immediately disable all enzymatic activities, preserving the charging levels of the tRNAs [2-MED].
2.4.1. Talent pipettes a sample in front of a spectrophotometer, and starts measuring OD.

2.4.2. Talent pipettes culture to a TCA-containing flask. Talent swirls the flask by hand.
2.5. When all samples have been collected, add 5 percent spike-in cells to each sample. To quantify the contribution from the spike-in cells to the RNA species of interest, prepare a control sample by mixing 4 milliliters of the spike-in cells with 4 milliliters of TCA [1-MED-over the shoulder-TXT].
2.5.1. Talent places the samples on the bench in front and starts pipetting the cells to the samples. Talent mixes spike-in cells with TCA-make sure this control is clearly labeled and visible in the frame. TEXT Overlay: Calculate the volume according to the text protocol. 
3. RNA Preparation
3.1. To start RNA extraction, pour 8 milliliters of each sample, including controls, into an ice-chilled centrifuge tube [1-MED-TXT]. Centrifuge the samples at 9,500 x g at 4 degrees Celsius for 10 minutes [2-MED-over the shoulder]. After removing the supernatant completely, resuspend the pellet in 0.3 milliliters cold sodium acetate containing 10 millimolar EDTA [3-CU-TXT].
3.1.1. Talent pipettes pours the sample into the centrifuge tube. TEXT Overlay: Keep the samples at acidic pH and at 0 °C during purification. Editor: The last two takes of 3.1.1 are actually take 3.1.2.

3.1.2. Talent puts the samples in a centrifuge, shuts the lid and starts the run. Film the centrifuge settings if possible. Editor: This shot is slated as 3.1.1. Use one of the last two takes of 3.1.1
3.1.3. Talent pipettes the solution to the pellet and pipettes the cells up and down. TEXT Overlay: 0.3 M sodium acetate pH 4.5,10 mM EDTA
3.2. Transfer each sample into a cold 1.5 milliliter-microcentrifuge tube and add 0.3 milliliters of phenol, equilibrated with the buffer used to resuspend the pellet [1-CU-TXT]. Then, vortex each sample 10 times for 15 seconds each time… [2-MED], with at least 1 minute at 0 degrees Celsius between each vortex, to keep the samples cold [3-MED-over the shoulder].
3.2.1. Talent transfers one sample into a 1.5 mL tube, and then adds the phenol. TEXT Overlay: Caution: Phenol is toxic and corrosive!

3.2.2. Talent vortex the sample and starts the timer for 15 seconds. Timer should be in the shot. 
3.2.3. Talent moves the sample to 0 °C and starts the timer for 1 minute. Timer should be in the shot if possible.
3.3. Next, centrifuge the samples at 20,000 x g at 4 degrees Celsius for 15 minutes [1-MED-over the shoulder]. Transfer the upper or water phase to a new 1.5-milliliter microcentrifuge tube [2-ECU]. Add 0.3 milliliters of cold phenol to the water phase and vortex the samples four times 15 seconds each, as described previously [3-CU]. 
3.3.1. Talent puts the samples in a centrifuge, shuts the lid and starts the run. Film the centrifuge settings if possible.

3.3.2. Talent transfers the upper phase to a 1.5 mL tube.

3.3.3. Talent pipettes phenol to the tube and starts vortexing.

3.4. Then, centrifuge the samples at 20,000 x g at 4 degrees Celsius for 10 minutes [1-MED-over the shoulder]. Transfer the water phase to a new, cold, 1.5-milliliter microcentrifuge tube… and add 2.5 volumes of cold, 96 percent ethanol [2-ECU]. Then, incubate the tubes at minus 20 degrees Celsius for 1 hour to precipitate the RNA [3-MED-over the shoulder].
3.4.1. Talent puts the samples in a centrifuge, shuts the lid and starts the run. Film the centrifuge settings if possible.

3.4.2. Talent transfers the upper phase to a 1.5 mL tube and pipettes ethanol to it.

3.4.3. Talent transfers the tubes to a freezer.
3.5. Centrifuge the samples at 20,000 x g at 4 degrees Celsius for 30 minutes [1-MED-over the shoulder CU]. After removing the supernatant, carefully add 1 milliliter of cold, 70 percent ethanol to the RNA pellet, making sure not to disturb it. Invert the tube gently once to wash it with ethanol [2-CU].
3.5.1. Talent puts the samples in a centrifuge, shuts the lid and starts the run. Film the centrifuge settings if possible. Shot changed from MED-over the shoulder to CU.
3.5.2. Talent gently adds ethanol to the pellet and then inverts the tube once.
3.6. Finally, centrifuge at 20,000 x g at 4 degrees Celsius for 10 minutes [1-MED-over the shoulder].  Remove the supernatant completely and air-dry the pellet until the ethanol is completely removed [2-CU-TXT]. Add 20 microliters of cold sodium acetate, containing 1 millimolar EDTA. Vortex vigorously to resuspend the pellet [3-CU-TXT].
3.6.1. Talent puts the samples in a centrifuge, shuts the lid and starts the run. Film the centrifuge settings if possible.
3.6.2. Talent removes the supernatant and places the tube for air-drying. TEXT Overlay: Do not over-dry the pellet!

3.6.3. Talent pipettes the solution to the pellet, and then vortexes. TEXT Overlay: 10 mM sodium acetate pH 4.5, 1 mM EDTA
4. Gel Electrophoresis, Northern Blotting and Hybridization
4.1. To start electrophoresis, mix 4 microliters of each sample with 6 microliters of loading buffer [1-CU]. Load the samples, including controls, onto a 0.4 millimeter-thick 6.5 percent polyacrylamide gel containing 8 molar urea in 0.1 molar sodium acetate buffer [2-MED-over the shoulder-TXT].
4.1.1. Talent mixes one sample with the loading buffer.

4.1.2. Talent starts loading the samples onto a gel. TEXT Overlay: Polyacrylamide gel:  19:1 acrylamide:bisacrylamide, 60 cm long.

4.2. Then, separate the RNA by running the electrophoresis at 10 volt per centimeter of gel at 4 degrees Celsius, for approximately 20 hours, until the bromophenol blue dye reaches the bottom of the gel [1-MED-over the shoulder].
4.2.1. Talent starts the electrophoresis. Film the machine settings if possible.

4.3. Carefully separate the two glass plates, so that the gel remains on one of them [1-MED-over the shoulder]. Use the gel area from the xylene cyanol dye and 20 centimeters down towards the bromophenol dye for blotting [2-MED or CU].
4.3.1. *Film as described. 

4.3.2. Talent is holding the glass plate with the gel. Zoom onto the gel to show the two lines where the dyes are. (Video editor: Please freeze frame and add line labeled “25-30 cm” between the two dye lines)
4.4. Cut a thin piece of filter paper to the size of desired blotting area [1-MED]. Place the filter paper on top of the part of the gel that will be used for blotting. Cut off and discard the parts of the gel not covered with filter paper. Then use the filter paper to carefully lift the gel away from the glass plate [2-MED-over the shoulder].
4.4.1. *Film as described.

4.4.2. Talent places the filter paper on the gel. Then, talent cuts the parts of the gel not covered with the paper. Talent lifts the gel off the glass using the filter paper.
4.5. Place a positively charged nylon membrane on top of the gel… and electroblot it in transfer buffer, at 20 volts for 90 minutes [1-MED-over the shoulder]. Finish by crosslinking the RNA to the membrane using UV-light [2-MED-TXT].
4.5.1. Talent places the membrane on the gel and then transfers it into an electroblotting apparatus and starts it. Film the settings if possible.

4.5.2. Talent transfers the membrane for UV crosslinking and starts the crosslinking. TEXT Overlay: UV light: 0.12 J/cm2 
4.6. Next, place the crosslinked membrane in a hybridization tube and add 6 milliliters of hybridization solution [1-MED]. Rotate the tube at 42 degrees Celsius for 1 hour to pre-hybridize the membrane [2-MED-over the shoulder].
4.6.1. *Film as described.

4.6.2. Talent places the tube to a rotator. Get multiple usable takes, as shot will be repeated later.
4.7. Then, add 30 picomolar radioactive oligo-DNA probe 5 prime-end-labeled with 32P (Pronounced: P-32) [1-CU].  Rotate to incubate the membrane with the probe at 42 degrees Celsius overnight [2].  After incubation, use a disposable 10-milliliter pipette to remove the probe [3-CU].
4.7.1. Talent pipettes the probe into the tube. Film this radioactive step in mock!
4.7.2. Use shot 4.6.2.

4.7.3. *Film as described
4.8. Next, quickly wash the membrane twice in the hybridization tube in 50 milliliter washing solution at room temperature [1-MED].  Move the membrane to a flat plastic container, cover it with the washing solution, and close the lid [2-MED-over the shoulder]. Incubate the membrane on a shaker at room temperature for 30 minutes [3-MED-over the shoulder].
4.8.1. Talent removes the solution, adds the washing solution to the tube and starts the washing. Get multiple usable takes, as shot will be repeated later.
4.8.2. Talent moves the membrane to a container, adds the washing solution and closes the lid.

4.8.3. Talent moves the container to a shaker and starts the timer. Timer should be in the shot if possible.

4.9. Change the solution and continue washing until achieving a satisfying signal to noise ratio [1-CU-TXT]. Use a Geiger-Müller tube to obtain the signal to noise ratio, by comparing the radiation from the area where the probe has hybridized to tRNA to the radiation from an empty area [2-MED-over the shoulder].
4.9.1. Use shot 4.8.1. Added shot: [CU of shaker washing] TEXT Overlay: Satisfying signal ratio: after 3-4 washes.

4.9.2. Talent holds a Geiger-Müller tube and moves it over the gel to measure the signal. 
4.10. After that, wrap the membrane tightly in a plastic wrap… and seal it airtight by welding [1-MED-over the shoulder]. Place this membrane on a phosphorimaging screen [2-MED-TXT]. After adequate exposure time, scan the screen using a laser scanner and save the file in .gel format [3-MED-over the shoulder].
4.10.1. *Film as described.

4.10.2. *Film as described. TEXT Overlay: For exposure time: see the text protocol.

4.10.3. Talent moves the screen to a laser scanner and starts the scan.
5. Quantifying tRNA and Charging Levels

5.1. Next, load the gel file into the imaging software [1-MED-over the shoulder]. Draw a vertical line along each of the sample lanes so that it spans most of the width of the lane while excluding the edges of the bands where the signal can be uneven [2-SCREEN].
5.1.1. Film the talent looking at the computer screen and loading the gel file.

5.1.2. *To be submitted by author. Capture drawing the vertical line.
5.2. To visualize counts from each lane, click Analysis and then Create Graph. Manually define the two peaks that represent the charged and the uncharged tRNA from each lane [1-SCREEN].
5.2.1. *To be submitted by author. Capture clicking on Analysis and Create Graph. Then capture manually defining the two peaks.
5.3. After that, click on Analysis and then Area Report to obtain counts from each peak. Finally, record the area under each of the two peaks. Calculate the tRNA levels as described in the text protocol [1-SCREEN]. 

5.3.1. *To be submitted by author. Capture clicking on Analysis and Area report, and then capture recording the area under the peaks.
6. Results: Quantification of the Abundance and Charging Levels of tRNAs
6.1. This method was used to measure the abundance of various tRNAs in E.coli NF915 (Pronounced: N-F-nine-fifteen) before and during arginine starvation. On the Northern blot hybridized with different tRNA probes, there is a clear separation between the bands that represent the charged tRNA from the bands that represent the uncharged tRNA [1-LM].
6.1.1. LABMEDIA: 56212_FIG 2 Video editor: Could you make a circle around numbers -2,-1, 0 on the top of the gel image, when the voice talent says “before”? Could you make a circle around numbers 5,10, 20, 40, 80 on the top of the image, when the voice talent says “during”? Then, when the talent says “clear separation”, slowly zoom into the part of the gel that is surrounded with a rectangle. And then when they say “the bands that represent the charged tRNA” highlight the upper part of the gel within the rectangle, marked with arginyl-tRNAargVYZQ, and when they say “the bands that represent the uncharged tRNA”, highlight the lower part of the gel, marked with tRNAargVYZQ.
6.2. The radiation profile along each lane was obtained from the Northern blots using imaging software [1-LM]. The radiation signal from each lane was quantified by isolating each from the blot [2-LM].
6.2.1. LABMEDIA: 56212_FIG 2 Video editor: Could you just show the part of the gel that is surrounded with a rectangle, and also highlight each vertical lane, lane by lane during this?

6.2.2. LABMEDIA: 56212_FIG3A Video editor: Could you slowly highlight the whole lane when the talent says “was quantified by isolating each from the blot”?
6.3. A graph that represents the quantification of the signal from a single lane [1-LM] shows two peaks. The left peak comes from the aminoacylated tRNA and the right from the deacylated tRNA. The area under each peak is exported for further analysis [2-LM].
6.3.1. LABMEDIA: 56212_FIG3A Video editor: Could you slowly transition from 56212_FIG3A into 56212_FIG3B, when the talent says “shows two peaks”?
6.3.2. LABMEDIA: 56212_FIG3B Video editor: Could you highlight the area under the left peak when the left peak is mentioned, and then highlight the area under the right peak, when the right peak is mentioned? Then, highlight both peaks when the talent says: “The area under each peak is exported for further analysis”.
6.4. Quantification of the bands from the Northern blot shows that the relative abundance of all tested tRNA species rapidly and significantly decreased during amino acid starvation [1-LM]. 
6.4.1. LABMEDIA: 56212_FIG4A Video editor: Could you highlight the curves on this graph one by one?
6.5. On the other hand, tRNA charging levels of the arginine-accepting tRNA dropped rapidly upon arginine removal and then slightly increased during the starvation period. However, the charging levels of the other tRNAs increased slightly upon starvation, and then decreased to almost pre-starvation levels [1-LM].
6.5.1. LABMEDIA: 56212_FIG4B Video editor: Could you highlight the blue curve when the talent says: “tRNA charging levels of the arginine-accepting tRNA dropped rapidly upon arginine removal and then slightly increased during the starvation period”? When the talent says “the charging levels of the other tRNAs”, slowly highlight the red, and then slowly the green curve.
7. Conclusion (said by authors on camera)
7.1. Thomas Stenum: Throughout this procedure, it is important to remember to keep the RNA cold and acidic to prevent RNA hydrolysis. [1-MED].
7.1.1. Thomas speaks towards the camera, interview style.
7.2. Thomas Stenum: After watching this video, you should have a good understanding of how to purify RNA in a way that tRNA abundance and charging can be quantified, and how to use spike-in cells for normalization. [1-MED].
7.2.1. Thomas speaks towards the camera, interview style.
*Note to the Authors: Interview statements have been edited to conform to the length restrictions. I am happy to help if you have any questions.
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.

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


