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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? No
B.  Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? No 
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.) _
(i) cell growth, to highlight both S. cerevisiea and S. pombe are used (steps 2.1 and 2.2);
(ii) labeling with 4-thiouracil (step 3.2);
(iii) Biotinylation (step 5.2);
(iv) Purification of biotinylated RNA (steps 6.2 and 6.4);
(v) Quantification of transcripts (step 6.5).
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.) ___________________________
E.  Will the filming need to take place in multiple locations? No 

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Didier Devys: The main advantage of this technique is that it reflects RNA polymerase II activity by measuring newly synthesized mRNAs which are not influenced by RNA degradation [1-INT].
1.1.1. Didier Devys says the statement above in an interview-style statement, looking slightly off-camera.
1.2. Didier Devys: This protocol was originally described using microarray hybridization, but can easily be adapted to high throughput sequencing of newly transcribed mRNAs [1-INT]. 
1.2.1. Didier Devys says the statement above in an interview-style statement, looking slightly off-camera.
Authors: I moved two of the interview statements to the Conclusions section because none of those had been filled out and we needed a few statements to end the video.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Didier Devys: Demonstrating the procedure will be Tiago Baptista, a former grad student from our laboratory. (Add additional mention of demonstrators as necessary). 
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. Cell Culturing
2.1. After inoculating the S. cerevisiae cells [1-MED/WIDE-TXT], grow them overnight 30 °C with constant agitation at 150 rpm [2-MED]. The next day, measure the optical density at 600 nm [3-MED]. Dilute the culture to an OD600 of approximately 0.1 in 100 mL of YPD medium [4-MED].
2.1.1. Establishing shot of the talent entering the work area with a vessel of inoculated S. cerevisiae cells in hand. TEXT: See text for details on inoculation Editor: Keep the text overlay up for 2.1.2 as well
2.1.2. Talent places the vessel of cells in a shaker in an incubator.
2.1.3. Talent measures the optical density o the cells.
2.1.4. Talent uses the described medium to dilute the cell culture.
2.2. Grow up the cells until the OD600 is around 0.8 [1-MED]. After this, measure the OD600 of the S. pombe overnight culture [2-MED]. Dilute this culture to an OD600 of approximately 0.1 in 500 mL of YES medium [3-MED], and let it grow up until the OD600 is approximately 0.8 [4-MED].
2.2.1. Talent transfers the cells back into the incubator to grow up.
2.2.2. Talent measures the optical density of the S. pombe culture.
2.2.3. Talent uses the described medium to dilute the cells.
2.2.4. Talent transfers the vessel of diluted cells into an incubator to grow.
3. 4tU Labeling with S. pombe as a Spike-in 
3.1. First, prepare a fresh solution of 2 M 4-thiouracil [1-MED]. Keep the prepared solution at room temperature and protected from light [2-MED].
3.1.1. Talent prepares a fresh solution of 2 M 4-thiouracil. Any step in this preparation process – such as mixing the reagents – will work for this shot.
3.1.2. Talent wraps the vessel of 2 M 4-thiouracil in aluminum foil.
3.2. Add the 4-thiouracil solution to the S. cerevisiae and S. pombe cultures such that the final concentration is 5 mM [1-MED]. Incubate the S. cerevisiae and S. pombe cultures at 30 °C and 32 °C, respectively, with constant agitation for 6 min [2-MED].
3.2.1. Talent adds the 2 M 4-thiouracil solution to the cell cultures.
3.2.2. Talent transfers the cell cultures to two different incubators. If these incubators are not close together, these actions can be shot separately.
3.3. After this, remove a small aliquot of each culture [1-MED] and count the cells using either an automatic cell counter or a Neubauer chamber [2-MED]. Centrifuge at 2,500 x g and 4 °C for 5 minutes to collect the cells [3-MED].
3.3.1. Talent removes a small aliquot from one of the cultures.
3.3.2. Talent approaches the automated counter and uses it to count the cells.
3.3.3.  Talent place the tube of cells into a centrifuge, and then closes the centrifuge lid.
3.4. Discard the supernatant and wash the cells with ice-cold 1x PBS [1-MED]. Centrifuge again at 2,500 x g and 4 °C for 5 minutes [2-MED]. Next, re-suspend the cells in 5 mL of ice-cold 1x PBS [3-MED]. 
3.4.1. Talent washes the cells with ice-cold 1x PBS. The supernatant should be removed/discarded before this shot.
3.4.2. Talent places the tube of washed cells into a centrifuge, and then shuts the centrifuge lid.
3.4.3. Talent re-suspends the cells in ice-cold 1x PBS.
3.5. Mix the S. cerevisiae and S. pombe cells at a ratio of 3:1 [1-MED-TXT]. Centrifuge the mixed samples at 2,500 x g and 4 °C for 5 minutes [2-MED].
3.5.1. Talent mixes the S. cerevisiae and S. pombe cells. TEXT: S. cerevisiae and S. pombe = 3:1
3.5.2. Talent place the tube of mixed cells into a centrifuge, and then shuts the centrifuge lid.
3.6. Then, remove the PBS [1-MED] and flash-freeze the cells in liquid nitrogen [2-MED]. Store the sample at -80 °C until ready to use [3-MED].
3.6.1. Talent removes the PBS.
3.6.2. Talent uses liquid nitrogen to flash-freeze the cells.
3.6.3. Talent transfers the tube of flash-frozen cells to a freezer at -80 °C.
4. RNA Extraction and DNase Treatment
4.1. When ready to proceed, thaw the cells on ice for approximately 20 - 30 min [1-MED]. Use an adapted yeast-RNA extraction kit to extract the RNA as outlined in the text protocol [2-MED]
4.1.1. Talent enters the work area with the previously frozen tube of cells, and places the tube into an ice-bucket to thaw.
4.1.2. Talent, at the lab bench, sets out an adapted yeast-RNA extraction kit. Alternatively, any action taken during the RNA extraction can be shown here.
4.2. After this, transfer the filter cartridge to the final collection tube [1-MED]. Elute the RNA with 50 μL of DEPC-treated, RNase-free water that was preheated to 100 °C [2-MED].
4.2.1. Talent transfers the filter cartridge to the final collection tube.
4.2.2. Talent adds 50 μL of preheated DEPC-treated, RNase-free water to the RNA in the filter cartridge..
4.3. Centrifuge at 16,000 x g for 1 minute [1-MED]. Then, use 50 μL of preheated DEPC-treated, RNase-free water to elute the RNA again to the same tube [2-MED]. 
4.3.1. Talent places the tube (containing the filter cartridge) in a centrifuge, and then closes the centrifuge lid.
4.3.2. Talent uses 50 μL of preheated DEPC-treated, RNase-free water to elute the RNA again.
4.4. Centrifuge at 16,000 x g for 1 minute [1-MED] – making sure that the entire sample volume has passed through the filter [2-CU]. If it has not, centrifuge again for a longer period of time [3-MED]. When finished, quantify and check the purity of the sample using the appropriate equipment [4-MED].
4.4.1. Talent closes the lid of the centrifuge and then turns the centrifuge on. The sample can be in the centrifuge before the shot.
4.4.2. Close up of the tube showing that the entire sample has passed through the filter.
4.4.3. Talent approaches the centrifuge with the sample in hand, and place the sample into the centrifuge.
4.4.4. Talent, with the sample in hand, approaches the Nanodrop to check the quantity/purity of the sample.
5. Thiol-specific Biotinylation of Newly Synthesized RNA
5.1. Use DEPC-treated, nuclease-free water to adjust the concentration of the previously acquired RNA to 2 mg/mL [1-MED]. Aliquot 200 μg of total RNA, and heat it at 60 °C for 10 minutes [2-MED]. Immediately chill it on ice for 2 minutes [3-MED].
5.1.1. Talent adjusts the concentration of the previously acquired RNA to 2 mg/mL
5.1.2. Talent takes and aliquot of total RNA, and transfers it to a water bath to heat at 60 °C. This can be filmed as two separate shots (one shot per action) if needed.
5.1.3. Talent transfers the sample to an ice-bucket to chill.
5.2. Add 600 μL of DEPC-treated, RNase-free water [1-MED-TXT]. Add 100 μL of biotinylation buffer and then add 200 μL of biotin-HPDP [2-MED]. If the biotin-HPDP solution precipitates out of solution [3-CU], increase the volume of DMSO or DMF up to 40% of the reaction volume as outlined in the text protocol [4-MED].	Comment by Didier DEVYS: The corresponding shots were not filmed but the text can be kept.
5.2.1. Talent adds 600 μL of DEPC-treated, RNase-free water to the sample. TEXT: Add all reagents in the order mentioned; See text for reagent compositions and concentrations Editor: Keep this text overlay up for 5.2.2
5.2.2. Talent adds biotinylation buffer to the sample, and then adds biotin-HPDP to the sample.
5.2.3. Shot of the biotin-HPDP precipitating out of solution. 
5.2.4. Talent adds DMSO or DMF to the sample.
5.3. Protect the sample from light [1-MED] and incubate it at room temperature with gentle agitation for 3 hours [2-MED]. After this, add an approximately equal volume of chloroform to the tubes, and mix vigorously [3-MED].
5.3.1. Talent wraps the tube (containing the sample) in aluminum foil.
5.3.2. Talent places the sample onto a shaker/agitator.
5.3.3. Talent adds chloroform to a tube, and mixes.
5.4. Centrifuge at 13,000 x g and 4 °C for 5 minutes [1-MED-TXT]. Next, carefully transfer the upper phase into new 2-mL tubes [2-MED]. 
5.4.1. Talent places the tubes into a centrifuge, and then closes the centrifuge lid. TEXT: See text for alternative method of removing excess biotin
5.4.2. Talent carefully transfers the upper phase of the sample into a new 2-mL tube.
5.5. Add an amount of 5 M sodium chloride equal to approximately one-tenth of the sample volume [1-MED]. Then, mix the sample [2-MED].
5.5.1. Talent adds 5 M sodium chloride to the sample.
5.5.2. Talent mixes the sample.
6. Purification of Newly Synthesized Fraction from Total and Unlabeled RNA Using Streptavidin-coated Magnetic Beads
6.1. First, heat the biotinylated RNA at 65 °C for 10 minutes [1-MED]. Then, chill the samples on ice for 5 minutes [2-MED].
6.1.1. Talent places a tube of biotinylated RNA into a water bath at 65 °C.
6.1.2. Talent transfers the sample tubes to an ice-bucket.
6.2. Add 100 μL of streptavidin-coated magnetic beads to the biotinylated RNA [1-MED-TXT]. Incubate at room temperature with slight shaking for 90 minutes [2-MED]. 
6.2.1. Talent adds streptavidin-coated magnetic beads to a tube containing biotinylated RNA. TEXT: See Table of Materials for recommended beads
6.2.2. Talent places the tube (containing the sample and magnetic beads) into a shaker.
6.3. Place the columns provided with the kit in the magnetic stand [1-MED-TXT]. Next, add 900 μL of room-temperature washing buffer to the columns [2-MED-TXT]. Apply the 200 μL bead and RNA mixture to the columns [3-MED].
6.3.1. Talent place the columns on the magnetic stand. TEXT: See Table of Materials for details on the kit and provided columns
6.3.2. Talent adds the washing buffer to the columns. TEXT: See text for buffer composition
6.3.3. Talent adds the bead/RNA mixture to the columns.
6.4. Collect the flow-through in 1.5-mL tubes [1-CU], and then apply it again to the same magnetic column [2-MED]. Keep this flow-through if necessary, as it represents the unlabeled RNA fraction [3-MED].
6.4.1. Close up of flow-through being collected.
6.4.2. Talent applies the flow-through to the columns.
6.4.3. Talent labels a tube of flow-through, and sets it aside to keep.
6.5. To begin RT-qPCR validation of the different fractions, first synthesize cDNA as outlined in the text [1-MED]. Then, amplify the cDNA by real-time qPCR using a standard protocol [2-MED].
6.5.1. Talent approaches a lab bench and begins synthesizing cDNA. Any action in this process will work for this shot.
6.5.2. Talent, at a lab bench with a PCR machine, amplify the cDNA by real-time qPCR. Any action in this process will work for this shot.
7. Results: Quantification of Newly Synthesized mRNA as a Proxy for RNA Polymerase II Activity
7.1. The measured levels of transcripts in fractions purified from wild-type cells cultured with and without 4tU (pronounce “four-thio-uracil”) confirm that this procedure specifically purifies labeled RNA [1-LM]. Analysis of the spt20Δ (pronounce “S-P-T-twenty-delta”) strain reveals that the quantity of total steady-state RNA is largely unchanged, or is only mildly reduced, for the tested genes [2-LM].
7.1.1. LAB MEDIA: Baptista Fig2.pdf – Show only Figure 2A. Visually emphasize the grey data columns (which represent the labeled RNA) during “…confirms that this procedure specifically purifies labeled RNA.”
7.1.2. LAB MEDIA: Baptista Fig2.pdf – Show only Figures 2B and 2C. In Figure 2B, visually emphasize all of the grey columns (representing the wild type data) and the yellow columns (representing the spt20Δ data) to show that they are approximately the same.
7.2. Similar results are seen for strains deleted for BRE1 (pronounce “brie-one” where “brie” is pronounced like the cheese) [1-LM]. However, analysis of newly transcribed RNA in the spt20Δ strain reveals a three- to five-fold decrease in mRNA synthesis for all tested genes [2-LM]. Meanwhile, the loss of BRE1 leads to a more discrete, but still visible, decrease [3-LM].
7.2.1. LAB MEDIA: Baptista Fig2.pdf – Still showing only Figures 2B and 2C. In Fibure 2B, visually emphasize all of the grey columns (representing the wild type data) and the blue columns (representing bre1Δ) to show that they are approximately the same.
7.2.2. LAB MEDIA: Baptista Fig2.pdf – Still showing only Figures 2B and 2C. In Figure 2C, visually emphasize all of the yellow columns (representing the spt20Δ data)
7.2.3. LAB MEDIA: Baptista Fig2.pdf – Still showing only Figures 2B and 2C. In Figure 2C, visually emphasize blue columns (representing bre1Δ).
7.3. Upon inducible depletion of Spt7, a structural subunit of the SAGA complex, newly transcribed mRNA levels are reduced to an extent similar to the deletion strain [1-LM].
7.3.1. LAB MEDIA: Baptista Fig2.pdf – Still showing only Figure 2F. Visually emphasize the magenta data columns (which represent the newly-synthesized RNA) for the time points 15, 30, 60, 120, and 240.
7.4. When total RNA levels are measured by genome-wide analysis, only a few genes are seen to have their expression levels altered upon deletion of SPT20 – either by up-regulating or down-regulating [1-LM].
7.4.1. LAB MEDIA: Baptista Fig3.pdf – Show only Figures 3A, 3B, and 3C (the images under the “Total mRNA” header).
7.5. However, analysis of the newly transcribed RNA reveals that the levels of over 4,000 genes are significantly reduced at least two-fold upon the deletion of SPT20 – which suggests a global positive effect of SAGA on RNA polymerase II transcription in budding yeasts [1-LM].
7.5.1. LAB MEDIA: Baptista Fig3.pdf – Show only Figure 3D.

8. Conclusion (said by authors on camera)

8.1. Didier Devys: (sentence was slightly modified) Though this method can provide insight into transcription in Saccharomyces cerevisiae, it was also applied with slight variations to other model systems, such as mammalian cells [1-INT]. Replace 8.1 with 8.2.
8.1.1. Didier Devys says the statement above in an interview-style statement, looking slightly off-camera.
8.2. Didier Devys: Replaced sentence: By using this protocol, we could detect a global decrease in mRNA synthesis which was compensated by global decrease in mRNA degradation.  
8.2.1. Didier Devys says the statement above in an interview-style statement, looking slightly off-camera.

   

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.
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