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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No.
(If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)Yes. Screen recording likely not available for IBM OS/2. Only single frames can be captured. We will investigate this further. (Used a MED OVER SHOULDER for step 4.5)
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. 4.3.3-4.3.5, 4.4.16

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number. 4.3.4 Pouring the gel without bubbles.
E.  Will the filming need to take place in multiple locations? (Y/N) No______ If yes, how far apart are the locations?
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to identify transcriptional starting points and RNase cleavage sites in vivo from bacteria using a fluorescent primer extension reaction. (Intro)
This is accomplished by first growing bacteria such as E. coli or S. aureus  and isolating the RNA molecules. (P1, Editor, begin with the flask of bacterial culture and then add in the zoomed in yellow circle with the purple blobs.  For ‘isolating the RNA molecules,’ bring in the gray arrow and then the turquoise blue RNA strands.)
Next the RNA is reverse transcribed using specific fluorescent primers and reverse transcriptase resulting in cDNA fragments. (P2, Editor, from the blue strands, add in the gray ‘reverse transcription’ arrow, and then bring in the cDNA doule strands with the green balls on the ends.)
Then, DNA or plasmids are isolated from the bacterial cells and a fluorescent Sanger sequencing ladder is created from the DNA template using a sequencing kit. (P3, Editor, begin with the zoomed in circle with the purple cells again and add in the DNA isolation arrow and the green double strands of genomic DNA.  Then add in the Sanger sequencing arrow and the chain terminated DNA fragments.)
Finally the cDNA fragments and sequencing ladders are separated and simultaneously detected on a polyacrylamide gel using an automated gel sequencer and compared to one another. (P4, Editor, bring in the blue rectangle without the red and green lines.  Then load the cDNA and the chain terminated DNA fragments onto the top of the rectangle, then add in the red and green lines.) [A more “fancy” way of demonstrating the electrophoresis would be to animate the bands (pink and green) as they travel downwards in the gel as shown in http://youtu.be/IWZN_G_pC8U?t=38s]
Ultimately, fluorescent primer extension is used to map the 5’ ends of RNA molecules up to a one base resolution. (P5, Editor, add in the three arrows to the right of the rectangle with the words ‘transcriptional starting point’ and ‘cleavage sites.’)
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).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Does this order make sense? Wouldn’t it make more sense to first show Ralph Bertram, to introduce Christopher Schuster?  I would recommend to first show 1.2 then 1.1.
1.1. Author name Christopher Schuster: The main advantage of this technique over existing methods, such as RACE or radioactivity based primer extension, is that the 5’ ends of RNA molecules can be rapidly identified, since the detection happens simultaneously during electrophoresis. Sensitivity is similar to radioactivity based primer extensions, but enables laboratory personnel to use this technique without the need for radioactive radiation safety training. Let’s get started!
1.2. **Author name Ralph Bertram: Demonstrating the procedure will be Christopher Schuster, a grad student from my laboratory. We have successfully used this fluorescent primer extension technique to investigate the RNase components of Toxin-Antitoxin systems in Staphylococci.   [Will be filmed independently by R. Bertram with an independent videographer.]
1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera. [I don’t think this scene is necessary. It will maybe look a little bit too goofy. Only keep it if really needed please.]
Protocol (read by voice talent at JoVE):

2. Primer Extension and Sanger Sequencing

2.1. After preparing a high yield of RNA and designing primers according to the text protocol, carry out the primer extension reaction by first preheating the thermocycler to 95(C.

2.1.1.   WIDE Talent approaches bench and places rack or ice bucket with RNA and primers down onto bench

2.1.2. MED/CU Talent sets thermocycler to 95(C

2.2. For each RNA sample, mix the following compounds in a PCR tube.

2.2.1. MED/CU Talent at bench mixing components in PCR tube, Videographer, frame this for a horizontal split screen for table 2 to be placed at the bottom of the screen

2.2.2. LAB MEDIA Table 2, Editor, place this at the bottom of the screen below 2.2.1

2.3. Denature the samples for 1 minute at 95(C then place the tubes on ice for 5 minutes to hybridize the primers and the RNA.

2.3.1. MED/CU Talent removes samples from thermocycler and places on ice

2.4. Next, set the PCR machine to 47(C.  Then, prepare the reverse transcription master mix as described here.  
2.4.1. CU Talent sets PCR machine to 47(C

2.4.2. MED/CU Talent prepares transcription master mix; Videographer frame for a horizontal split screen again with table 3 to be placed at the bottom
2.4.3. LAB MEDIA Table 3, Editor, place this under 2.4.2

2.5. Add 4 microliters of reverse transcription master mix to each hybridized RNA sample and incubate the tubes for 1 hour at 47(C.  

2.5.1. CU Talent adds master mix to samples

2.5.2. MED/CU Talent places tubes into thermocycler

2.6. To stop the reaction, heat the samples to 95(C for 2 minutes.  Then add 6 microliters of formamide loading dye (TEXT: refer to text for recipes) and store overnight or up to two weeks in the dark at -20(C.

2.6.1. CU Talent raises temp of thermocycler to 95(C

2.6.2. CU Talent adds loading dye to samples

2.6.3. CU Talent places tubes in box
2.6.4. WIDE Talent places tubes in freezer

2.7. After preparing the genomic DNA or plasmids according to the text protocol, assemble the Sanger Sequencing reaction by mixing 12 microliters of ~10-15 micrograms of genomic DNA or 100-500 nanograms of plasmid DNA with 1 microliter of fluorescently labeled primer and 1 microliter of DMSO.

2.7.1. MED Talent at bench setting up reaction

2.7.2. CU Talent opens tube of DNA and adds DMSO and then fluorescent primer and then DMSO 
2.8. Pipet 1 µl of each sequencing mix (TEXT: A, C, G or T) into separate pre-labeled PCR tubes. Then add 3 microliters of the DNA/DMSO/Primer mix to each tube.

2.8.0. [added] CU/MED talent adds 1 µl of A, C, G or T mix to a tube in a PCR strip labled with A, C, G, T

2.8.1. CU 4 labeled tubes lined up in rack and talent pick up first tube and adds DNA/DMSO/primer mix

2.9. Set the PCR machine to the following program (TEXT:  95(C - 2 min; 35 cycles of 95°C - 20 sec; 54(C - 20 sec; 70(C - 30 sec; and 4(C - () and run it after placing the samples in the machine.

2.9.1. MED/CU Talent places samples in PCR machine and sets program. Editor, make a bulleted list of the text as an overlay as talent sets program
2.9.2. and places samples in PCR machine, Editor, make a bulleted list of the text as an overlay as talent sets program
2.10. After the run, add 6 µl of loading dye to the samples and them on ice if using right away or at -20(C long-term.

2.10.1. MED Talent removes samples from PCR machine and places them on ice
2.10.2. [added] MED Talent pipets pink loading dye onto the samples

3. Assembly of Gel Casting Chamber and Gel casting
3.1. Using clean, dust-free 25 cm plates, place 0.25 mm spacers on the rear glass plate and lower the notched glass plate on the top.  
3.1.1. CU Talent places .25 mm spacers on rear glass plate and then lowers notched glass on top
3.2. With the notched end and the rail entry pilots of the glass plates facing upwards, attach the gel rails to both sides of the glass plates and lightly tighten the knobs.

3.2.1. MED/CU Talent orients the plates with the notched end and rail entry pilots facing up

3.2.2. CU Talent attaches gel rails to both sides of glass plates and lightly tightens the knobs

3.3. To cast the gel, combine the compounds listed here in a beaker with a stir bar and place on a magnetic stir plate.  Immediately after adding APS and TEMED, use a 50 ml syringe to take up the acrylamide solution and place a 0.45 nm filter on the tip.

3.3.1. MED Talent at bench combining the gel ingredients, Videographer, frame for an inset of Table 5 

3.3.2. LAB MEDIA VIDEO_Table5_gel_recipe_V1_V1.xlsx, Editor, use as an inset while talent adds ingredients to beaker 

3.3.3. CU Talent takes up gel solution into 50 ml syringe and then places a filter on the tip

3.4. Place the sandwiched plates at a 10-20( angle, and slowly dispense the gel solution between the glass plates while continuously moving the syringe tip from one side to the other.  Stop dispensing the gel solution once it meets the bottom end of the glass plates. 
3.4.1. MED/CU Talent places plates at a 10-20( angle and begins dispensing gel solution - talent continuously moves syringe tip from side to side

3.4.2. [combined with 3.4.1] CU Talent stops when gel reaches end of glass plates

3.5. Using a bubble hook, remove any bubbles that may have formed.  Then slide the gel pocket spacer between the glass plates at the notched end, submerging it into the gel solution and fixing it by attaching the casting plate.

3.5.1. CU Talent removes bubbles with bubble hook

3.5.2. CU Talent slides pocket spacer between glass plates, submerging it into the gel solution

3.5.3. CU Talent attaches casting plate

3.6. Lightly fasten the upper rail screws and allow the gel to set for 1-2 hours before removing the casting plate and pocket spacer.  Use ddH2O to clean the pocket of salt and gel residues.

3.6.1. MED/CU Talent lightly fastens upper rail screws and sets gel on bench to polymerize

3.6.2. CU Talent removes casting plate and pocket spacer

3.6.3. CU Talent uses ddH2O to clean the pocket of salt and gel residues

4. Running and Visualizing the Primer Extension Gel
4.1. To run the gel, slide the buffer tank holder into the gel rails on the front glass plates and tighten the knobs.
4.1.1. MED/CU Talent slides buffer tank holder into the gel rails on front glass plates and tightens knobs

4.2. Place the gel into the lower gel tank of the automated gel imager against the heating plate and fix by sliding the rail entry pilot into the apparatus brackets.  

4.2.1. CU Talent places gel into the lower gel tank of gel imager against heating plate then slides rail entry pilot into the apparatus brackets

4.3. Use 1X TBE buffer to fill the lower and upper gel buffer chambers then close the lower buffer chamber and use the power cord to connect the upper buffer chamber to the power.

4.3.1. MED/CU Talent finishes filling the buffer chambers with 1X TBE then closes lower buffer chamber 

4.3.2. MED/CU Talent connects upper chamber to power

4.4. If salt is present in the gel pocket, use buffer to repeatedly pipette into the pocket to clean it.  Then use the top buffer lid to close the top buffer tank chamber.

4.4.1. CU/ECU Talent uses buffer to clean salt from gel pocket

4.4.2. CU Talent uses top lid to close top buffer tank chamber

4.5. After turning on the imager and computer and starting the Base ImagIR Data collection software according to the text protocol, use the settings listed here to set up the scanner control (TEXT: 2000 V, 35 mA, 45 W, 45(C, Scan filter = 3, Scan speed = 3)

4.5.1. MED OVER SHOULDER Talent at imager/computer sets up scanner control with the settings in the TEXT [We also showed how to auto-gain and focus the machine. However, it is not necessary to show this in minute detail.]
4.6. Next, pre-run the empty gel for 20 minutes by selecting voltage ON and pressing ENTER.  In the meantime, using a PCR machine, heat the sequencing ladder and the primer extension products to 90(C for 2 minutes before cooling on ice.

4.6.1. CU Talent selects voltage ON and presses ENTER to pre-run gel

4.6.2. MED/CU Talent opens PCR machine and removes sequencing ladder and primer extension products and places on ice

4.7. Stop the electrophoresis, open the automated gel sequencer and remove the upper buffer tank lid.  Then insert the shark-tooth comb in between the glass plates and with the shark teeth, slightly pierce the gel. 

4.7.1. MED/CU Talent stops electrophoresis and opens gel sequencer and removes tank lid

4.7.2. ECU Talent inserts shark tooth comb and pierces gel with teeth

4.8. Pipette 1-2 microliters of the primer extension products or sequencing ladder reactions into each gel pocket.  For any empty pockets, use loading dye to fill them to prevent inconsistent running behavior.

4.8.1. ECU Talent pipettes samples into gel pockets

4.8.2. CU Talent fills empty spaces with loading dye

4.9. Close the buffer tank and the door of the gel sequencer.  Then start the electrophoresis by selecting Voltage ON, for the laser, select ON, and press ENTER.  Once the region of interest has passed the laser, stop the electrophoresis.

4.9.1. MED/CU Talent closes buffer tank and door of gel sequencer

4.9.2. MED/CU Talent selects voltage ON and selects ON for the laser and presses ENTER

4.9.3. CU of gel running focusing on area of laser Laser is hidden inside machine. Instead made a timelapse of the computer output from the gel run
4.9.4. MED Talent stops electrophoresis
5. Results: Transcriptional Start Point and RNase Cleavage Site Determination using Primer Extension 
I discourage the use of the end result gel picture (gelpicture.tif), as it did not run as nicely as usual due to the filming procedure. Instead the supplied image with the original manuscript should be sufficient and fine.
5.1. As shown here, a primer extension reaction can be used to determine the transcriptional starting points, or TSP of transcripts of interest and can help to deduce promoter regions. In this example, the TSP of ompA mRNA was identified as G, consistent with earlier published data.  The -35 and -10 promoter elements were deduced to be TTGTAA and TAGACT as the motifs differ only two bases from each of their consensus sequences.

5.1.1. LAB MEDIA VIDEO_Figure6.ai, Editor, focus on the top half of the long panel on the left and panel A on the right.  With the VO ‘the TSP of ompA mRNA was identified as G…,’ add in the arrow in the gray panel in panel A and the arrow pointing up at the G in the text sequence underneath the gray panel as shown in original Figure 6

5.2. Using primer extension to identify mRNA cleavage products, the RNA mapping of cleavage close to the start codon by the RNase YoeB-seq2 is shown here.  When the RNase is not present or inactive, no primer extension products are formed close to the start codon.  As a result of RNase activity; however, two strong bands appear just downstream of the start codon.

5.2.1. LAB MEDIA Figure 6, Editor, for ‘When RNase is not present or inactive, use a bracket to point out lanes 1 - 3 in the center of the blow up in panel B.  For ‘As a result of RNase activity, however, two strong bands appear…’ add in the arrows pointing to the bands in lanes 4 and 5 and the arrows and scissors at the A and G in the text below the gray box

5.3. This figure shows a failed primer extension experiment due to excess RNA in the reverse transcription reaction that prevents the identification of individual bands.  This demonstrates that the amount of total template RNA must be adjusted to the abundance of the RNA of interest.

5.3.1. LAB MEDIA Figure 7, Editor, for ‘due to excess RNA in the reverse transcription reaction,’ point out the dark black blob in the center of the panel
6. Conclusion (said by authors on camera)
6.1. Author name Christopher Schuster: After watching this video, you should have a good understanding of how to elucidate transcriptional starting points and RNase cleavage sites in vivo using fluorescent primers and an automated gel sequencer. With some practice this method is quick and easy to perform. Good luck with your experiments.

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.
Procedural narrative – either Video 0000-1491_SW.avi or Figure1_for_video (1).ai
3.1 – Figures 3 & 4

4.7 & 4.8 – Figure 5
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.
( 2013, Journal of Visualized Experiments


