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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  No  
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No
3. Filming location: Will the filming need to take place in multiple locations?   No

 

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Stuart W. McKellar: Kinetic CRAC can be used to study temporal associations between RNA and RNA binding proteins on unprecedented short timescales. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Stuart W. McKellar: When combined with our crosslinker, kinetic CRAC is able to crosslink live cells within seconds. This reduces UV damage responses and facilitates the study of stress responses at minute-scale resolution.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


OPTIONAL: 
1.3. Ivayla Ivanova: Kinetic CRAC is a very long protocol that can be challenging for new users. Additionally, working with RNA poses its own challenges; to prevent RNA degradation, one should filter sterilize all solutions, and make sure that the pipets and lab bench are kept clean.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Ivayla Ivanova: Visual demonstration of this method is critical because some of the steps are not very intuitive. This includes UV cross-linking and harvesting of the cells, as well as extraction of the cross-linked RNAs from the gel.

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Videographer: This statement is optional, if you don’t have time, don’t film it. 
Protocol

2. UV Crosslinking and Lysate Production
2.1. To perform UV crosslinking on microorganisms in solution, inoculate 3.5 liters of the desired medium with yeast to a starting OD-600 of 0.05 [1] and grow the culture overnight at 30 degrees Celsius with continuous shaking at 180 rpm [2]. 
2.1.1. WIDE: Establishing shot of talent adding yeast to the culture medium. 
2.1.2. Talent putting the culture flask in an incubator and closing the door. 
2.2. Once the cells reach the desired OD, pour 500 milliliters of the culture straight into the cross linker [1] and irradiate it with 250 millijoules of 254 nanometer UV [2]. Videographer: This step is important!
2.2.1. Talent pouring culture into the cross linker. 
2.2.2. Talent irradiating the cells. 
2.3. After cross-linking, use a vacuum filtration device to filter the cells [1], roll up the membrane with the filtered cells [2], and place it in a 50-milliliter conical tube labeled T-zero [3-TXT]. Videographer: This step is important!
2.3.1. Talent filtering the cells. 
2.3.2. Talent rolling up the membrane. 
2.3.3. Talent putting the membrane in the tube, with the tube label visible in the shot. TEXT: Flash freeze with liquid nitrogen
2.4. Filter the remaining cells over 6 different filters and drop the membranes in 3 liters of prewarmed stress-inducing medium [1], mixing them vigorously with a pipette for 50 seconds [2]. Continue crosslinking the cells in 500 milliliter volumes at the desired time points [3] and store the samples at negative 80 degrees Celsius [4]. Videographer: This step is difficult and important!
2.4.1. Talent dropping filter membranes into a flask with medium.
2.4.2. Talent mixing the contents of the flask with a pipette.
2.4.3. Talent pouring medium into the crosslinker.
2.4.4. Talent putting labeled tubes in the freezer.
2.5. To crosslink adherent cells, transfer the culture dish with the cells to the specialized tray and irradiate it with 300 millijoules of 254-nanometer UV [1]. Immediately place the dish on ice [2] and add 10 milliliters of ice-cold PBS [3]. Videographer: This step is important!
2.5.1. Talent placing the cell culture dish on the crosslinker tray. 
2.5.2. Talent placing the dish on ice. 
2.5.3. Talent adding PBS to the dish. 
2.6. Collect the cells by scraping and transfer them into a 15-milliliter conical tube [1]. Then, pellet them by centrifugation at 300 x g for 5 minuets at 4 degrees Celsius [2]. Remove the supernatant and resuspend the cell pellet in 1 milliliter of ice-cold PBS [3], then transfer the suspension to a 1.5-milliliter microcentrifuge tube [4]. Videographer: This step is important!
2.6.1. Talent transferring the cells into the conical tube. 
2.6.2. Talent putting the tube in the centrifuge and closing the lid. 
2.6.3. Talent resuspending the cells in PBS. 
2.6.4. Talent transferring the suspension to a microcentrifuge tube. 
2.7. Repeat the centrifugation [1], then remove the PBS and snap freeze the cell pellet on dry ice [2]. Store the sample at negative 80 degrees Celsius as needed [3]. 
2.7.1. Talent starting the centrifuge.   
2.7.2. Talent putting a tube with the sample on dry ice. 
2.7.3. Talent putting samples in the freezer.

3. Elution and SDS-PAGE
3.1. Set the centrifuge to 4 degrees Celsius [1] and prepare 2 rows of 1.5-milliliter tubes per sample for elution [2]. Quickly spin the columns with the nickel beads to get rid of the void volume [3], then place the columns in the first row of elution tubes and fill them with 200 microliters of elution buffer [4].   
3.1.1. Talent setting the centrifuge to 4 degrees. 
3.1.2. Two rows of tubes. 
3.1.3. Talent putting columns in the centrifuge and closing the lid. 
3.1.4. Talent adding elution buffer to the columns. 
3.2. After 2 minutes, quickly spin the columns and transfer them to the second row of tubes, then repeat the elution as previously demonstrated [1]. When finished, combine all eluates in a 5-milliliter tube [2] and add 2 microliters of 20 milligram per milliliter glycogen [3].  
3.2.1. Talent taking tubes out of the centrifuge. 
3.2.2. Talent combining eluates. 
3.2.3. Talent adding glycogen to the sample tubes.  
3.3. Then, add 100 microliters of trichloroacetic acid to each sample [1] and vortex it for 30 seconds [2].
3.3.1. Talent adding TCA to a few samples. 
3.3.2. Talent vortexing a sample. 
3.4. After washing the sample with acetone, resuspend it in 30 microliters of protein loading buffer [1-TXT]. Heat the sample for 10 minutes at 65 degrees Celsius [2] and load it on a 1-millimeter 4 to 12% precast Bis-Tris gel. Run the gel for 90 minutes at 125 volts in MOPS (pronounce ‘mops’) buffer [3]. 
3.4.1. Talent resuspending the sample. TEXT: Verify resuspension by checking radioactivity 
3.4.2. Talent putting the sample in the incubator. 
3.4.3. Talent loading the sample on a gel. 
3.5. When finished, open the gel cassette and discard the top plate [1]. Wrap the gel in cling film and secure it to the inside of a light-tight cassette with tape [2]. Expose an autoradiographic film to the gel, storing it at negative 80 degrees Celsius during the exposure [3-TXT]. 
3.5.1. Talent opening the gel cassette. 
3.5.2. Talent securing a wrapped gel to the light-tight cassette.   
3.5.3. Talent placing the film on the gel. TEXT: See Manuscript to determine exposure time
3.6. To develop the film, cut away the clingwrap covering the gel, making sure to not move the gel and offset the image [1-TXT]. Place the film over the gel and excise the band of interest [2]. 
3.6.1. Talent cutting away the cling wrap. TEXT: Gel is highly radioactive!
3.6.2. Talent excising a band from the gel.  
3.7. Put the gel slice in a 2-milliliter tube and crush it with a p1000 pipette tip [1], then add proteinase K [2-TXT] and incubate the sample at 55 degrees Celsius with vigorous shaking [3].  
3.7.1. ECU: Talent crushing the gel slice in the tube with a pipette tip. 
3.7.2. Talent adding proteinase K to the tube. TEXT: 600 µL proteinase K buffer + 200 µg proteinase K
3.7.3. Sample incubating and shaking. 

4. PCR and Gel Extraction
4.1. Run the cDNA on a precast 6% TBE gel at 100 volts for 1 hour, using an appropriate ladder for quantification of short DNA fragments [1]. When finished, place the gel in a liquid-tight container with enough TBE to cover it [2] and add an appropriate amount of SYBR (pronounce ‘sigh-ber’) safe dye [3]. 
4.1.1. Gel running. 
4.1.2. Talent placing the gel in the container with buffer. 
4.1.3. Talent adding SYBR safe dye to the container.
4.2. Stain the gel for 15 minutes at room temperature, then replace the SYBR-containing buffer with fresh TBE [1]. Wash the gel for 10 minutes with gentle shaking [2], drain the TBE, and place the gel in a transparent folder [3].
4.2.1. Talent draining the dye containing buffer. 
4.2.2. Container with gel and buffer on a shaker. 
4.2.3. Talent placing the gel in a transparent folder. 
4.3. Cut the folder to an appropriate size and image the gel with a phosphorimager [1]. Excise the DNA fragments between 175 and 400 base pairs and put the gel piece in a 1.5-milliliter tube [2]. 
4.3.1. Talent using the phosphorimager. 
4.3.2. Talent excising the DNA and putting it in the tube. 
4.4. Smash the gel with a p1000 pipette tip [1] and add 400 microliters of water [2], then incubate it for 1 hour at 37 degrees Celsius while shaking [3]. 
4.4.1. ECU: Talent smashing the gel piece. 
4.4.2. Talent adding water to the sample. 
4.4.3. Talent putting the tube in the thermoblock and starting the shaking. 
4.5. Freeze the sample on dry ice for 10 minutes [1], then repeat the incubation at 37 degrees Celsius [2]. 
4.5.1. Talent placing the sample on dry ice and starting a timer for 10 minutes. 
4.5.2. Talent placing the sample back on the thermoblock. 
4.6. Insert 2 glass microfiber filters inside a filter column [1] and place it in a 1.5-milliliter tube [2]. Then, use a cut p1000 pipette tip to transfer the TBE gel suspension into the filter unit and spin it down at 17,000 x g for 30 seconds [3]. 
4.6.1. Talent inserting filters in the column. 
4.6.2. Talent placing the column in a tube. 
4.6.3. Talent transferring gel suspension to the filter. Videographer: Get a close up of the pipette tip here to demonstrate what it should look like when properly cut.



Results
5. Results: Temporal Binding of Nrd1 to its Targets
5.1. This protocol was used to monitor Nrd1-RNA interactions in yeast cells subjected to a glucose starved environment [1]. Samples were cross-linked before the shift to medium with no glucose as well as 1, 2, 4, 8, 14, and 20 minutes after [2].
5.1.1. LAB MEDIA: Figure 4 A. 
5.1.2. LAB MEDIA: Figure 4 A. Video Editor: Emphasize the lanes labeled 0, 1, 2, 4, 8, 14, and 20. 
5.2. The autoradiographs from the experiment showed an intense signal at the expected molecular weight of Nrd1, representing the protein bound to short, radiolabeled RNAs not amenable for sequencing [1]. The signal above this band, which is the protein crosslinked to longer RNA fragments, was isolated [2].
5.2.1. LAB MEDIA: Figure 4 A. Video Editor: Emphasize the Nrd1 band. Use 4B as reference, where it is labeled. 
5.2.2. LAB MEDIA: Figure 4 A and B. Video Editor: Emphasize the red box in 4 B. 
5.3. To amend the χCRAC (pronounce ‘kinetic crack’) protocol for mammalian cells, a special stage was developed to allow UV irradiation of dishes with adherent cells [1]. The efficiency of the setup was measured through cross-linking and capture of stably tagged GFP-RBM7 [2]. 
5.3.1. LAB MEDIA: Figure 3 B. 
5.3.2. LAB MEDIA: Figure 5 A. 
5.4. The cross-linker was able to recover protein-RNA complexes from mammalian cells using 254-nanometer UV irradiation at efficiencies comparable to a widely used UV irradiation device [1]. Development of a UV-permeable quartz Petri dish during cross-linking further enhanced recovery of protein-RNA complexes [2].
5.4.1. LAB MEDIA: Figure 5 A. Video Editor: Emphasize the VxL data. 
5.4.2. LAB MEDIA: Figure 5 B. Video Editor: Emphasize the quartz data. 
5.5. Nrd1 data shows that the protein binds to many noncoding RNA transcripts [1], indicating that it is involved in degradation of these transcripts [2]. Binding to transcripts encoding HXT6 and HXT7, both of which are upregulated during glucose starvation, was also demonstrated [3].
5.5.1. LAB MEDIA: Figure 6 A, just the top half. Video Editor: Show everything above the text “Chromosome IV” and emphasize the arrows labeled XUT and SUT.
5.5.2. LAB MEDIA: Figure 6 A, just the top half. 
5.5.3. LAB MEDIA: Figure 6 A, bottom half. Video Editor: Show everything below the t20 plot on the top half and emphasize the arrows labeled HXT6 and HXT7. 
 



Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Ivayla Ivanova: cCRAC allows one to measure the dynamic interactions between protein-RNAs during cell development, stress responses and assembly of macromolecular complexes such as the ribosome or spliceosome.

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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