FINAL SCRIPT: APPROVED FOR FILMING
Submission ID #: 58580
Editor Name: Anthony Iannazzi	Comment by Caitlin McAllister: Post shoot by Caitlin
Videographer name: Lu Liu
Film Date: 9/4/2018
Link: https://www.jove.com/account/file-uploader?src=17866948

Authors and Affiliations: 
Rongbing Huang1,2 *, Mengting Han1,2 *, Liying Meng1,3, Xing Chen1,2,3,4,5

1College of Chemistry and Molecular Engineering, Peking University, Beijing, China
2Beijing National Laboratory for Molecular Sciences, Peking University, Beijing, China
3Peking-Tsinghua Center for Life Sciences, Peking University, Beijing, China
4Synthetic and Functional Biomolecules Center, Peking University, Beijing, China
5Key Laboratory of Bioorganic Chemistry and Molecular Engineering of Ministry of Education, Peking University, Beijing, China

* These authors contributed equally.

Title: Capture and Identification of RNA-binding Proteins by Using Click Chemistry-assisted RNA-interactome Capture (CARIC) Strategy

Corresponding Author: 
Xing Chen 		xingchen@pku.edu.cn

Co-authors:
iceares@pku.edu.cn
hanmt1992@pku.edu.cn
mengliying@pku.edu.cn

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___No____  
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___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.) __step 2.5, 2.9, 2.10, 3.1__
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.) _The LDS removal efficiency of step 2.9 is critical for subsequent experiments. This step will cost several hours. Be careful and patient._
E.  Will the filming need to take place in multiple locations? (Y/N) __No___ If yes, how far apart are the locations? ___________________________________________________

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. Xing Chen: This method, CARIC, can help answer key questions in the field of posttranscriptional gene regulation, by providing a comprehensive census of RNA-binding proteins [1-INT].
1.1.1. Xing Chen says the above statement in an interview-style shot, looking slightly off-camera.
1.2. Rongbing Huang: The main advantage of CARIC is its ability to capture proteins bound to various kinds of RNAs, such as mRNAs and non-coding RNAs [1-INT].
1.2.1. Rongbing Huang says the above statement in an interview-style shot, looking slightly off-camera.

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Mengting Han: This method can be used in various cell types and organisms to study the RNA-protein interaction network [1-INT].
1.3.1. Mengting Han says the above statement in an interview-style shot, looking slightly off-camera.

Protocol: (read by voice talent at JoVE)
2. Preparation of Lysate of Metabolically Labeled and UV Cross-linked Cells
2.1. First, culture HeLa (pronounced as it looks “He-La”) cells in supplemented DMEM at 37 °C in a 5% CO2 atmosphere [1-MED-TXT]. When the cells reach about 80% confluence, replace the culture medium on each dish with 15 mL of pre-warmed fresh medium [2-MED]. Add 15 μL of 100 mM EU (pronounce each letter “E-U”) to each dish, to a final concentration of 1 mM [3-MED].
2.1.1. Talent places a plate of HeLa cells in an incubator. TEXT: Supplements:; 10% FBS; 100 U/mL penicillin; 100 μg/mL streptomycin
2.1.2. Talent removes the culture dish from the plate [2.1-MED], and replaces it with fresh medium [2.2-MED] Author note: This was split into two shots.
2.1.3. Talent adds 15 μL of 100 mM EU to a few of the plates.
2.2. For experimental and no UV-control samples, add 7.5 μL of 100 mM 4SU (pronounce each number/letter “four-S-U”) to each dish [1-MED]. 
2.2.1. Talent adds the 4SU to the experimental and no UV-control samples. 
2.2.2. Talent adds EU to the no 4SU control samples. Author note: The EU is added in a previous step and does not need to be added here.
2.3. Cover the dishes with foil [1-CU] and culture the cells for 16 hours using the previous conditions [2-MED]. After this, add half of the previous amount of EU and/or 4SU to the appropriate plates [3-MED], and continue culturing for another 2 hours [4-MED].
2.3.1. Close up of the talent covering the dishes with foil.
2.3.2. Talent transfers the foil-covered dishes to an incubator.
2.3.3. Talent adds EU and 4SU to some of the dishes.
2.3.4. Talent places the foil-covered dishes back into the incubator.
2.4. To begin in vivo cross-linking, remove the culture medium and wash each dish 3 times with PBS – using 5 mL of PBS per wash [1-MED]. Remove the residual PBS as much as possible.
2.4.1. Talent removes the culture medium for a dish and washes it with PBS. Alternatively, if this action is too long for a single shot, film the talent removing the culture medium in one shot, and washing the dish with PBS in a second shot.
2.4.2. Close up as the talent removes the PBS from a dish.
2.5. For the experimental and no 4SU-control samples, place the dishes on ice with the lid removed [1-MED]. Use a UV cross-linker to irradiate the cells with UV light at 365-nm and at 2 J/cm2 [2-MED]. For the no UV-control samples, place the dishes on ice and protect them from light [3-MED].
2.5.1. Talent places the experimental and no 4SU-control dishes on ice with the lid removed.
2.5.2. Talent uses a UV cross-linker to irradiate the cells with UV light.
2.5.3. Talent places the no UV-control samples on ice in a darkened room.
2.6. Next, add 1 mL of pre-lysis buffer to each dish [TXT]. Use a rubber cell lifter to scrape the cells [2-CU], and collect the pre-lysis suspension in a 15 mL tube [3-MED-TXT].
2.6.1. Talent adds pre-lysis buffer to the dishes. TEXT: See text for buffer composition. 
2.6.2. Talent uses a rubber cell lifter to scrape the cells. TEXT: Do not centrifuge
2.6.3. Talent collects the pre-lysis suspension in a 15 mL tube.
2.7. Add pre-lysis buffer to a tube containing the suspension from two dishes – adjusting the total volume to 6 mL [1-MED]. Then, add an equal volume of R-lysis buffer [2-MED-TXT].
2.7.1. Talent pre-lysis buffer to a tube to adjust the total volume to 6 mL.
2.7.2. Talent adds R-lysis buffer to the tube. TEXT: See text for buffer composition. 
2.8. Pass the cell lysate through a syringe with a narrow needle several times until the lysate is clear and homogenous [1-CU]. Incubate the lysate at 4 °C with gentle rotation for 1 hour [2-MED-TXT].
2.8.1. Close up of the syringe/needle as the lysate is passed through. Alternatively, film a MED shot of the talent performing this action.
2.8.2. Talent places the tube of lysate on a rotator in a cold room. TEXT: Gentle rotation: ~15 rpm
2.9. After this, dilute the lysate in 20 volumes of dilution buffer [1-MED-TXT], and divide it into 15 mL fractions in 15 mL ultrafiltration tubes molecular cut off of 10 kDa [2-MED]. Using a swinging-bucket rotator, spin the tubes at 4,000 x g and 4 °C for ~15 min, until each fraction is concentrated to a volume less than 1 mL [3-MED].
2.9.1. Talent adds the lysate to a bottle containing 20 volumes of dilution buffer. TEXT: See text for buffer composition. 
2.9.2. Talent divides the diluted lysate into 15 mL fractions in 15 mL ultrafiltration tubes.
2.9.3. Talent loads the ultrafiltration tubes into a swinging-bucket rotator.
2.10. Add 14 mL of dilution buffer to each concentrated lysate fraction [1-MED], and repeat the concentration process [2-MED]. Then, combine the fractions [3.1-MED] and concentrate them to a volume of 6 mL using the previously described concentration process [3.2-MED].
2.10.1. Talent adds dilution buffer to each concentrated lysate fraction.
2.10.2. Talent loads the ultrafiltration tubes into the swinging-bucket rotator. Alternatively, any action during the concentration process can be shown here.
2.10.3. Talent combines the fractions [3.1-MED], and then loads the tube into the swinging, bucket rotator [3.2-MED]. Alternatively, after showing the fractions being combined, any other action in this process can be shown here. Author note: This step was split into two shots because it’s too long.
3. Preparation of Samples for RNA-interactome Capture
3.1. First, prepare the reaction mix as outlined in the text protocol [1-MED]. Add this reaction mix to the 6 mL of pre-cleared lysate [2.1-MED-TXT], and mix well [2.2-MED]. Add 162.5 μL of reducing reagent, and mix well [3-MED-TXT].
3.1.1. Talent adds the reagents to prepare the reaction mixture. Alternatively, any part of this preparation process can be shown here.
3.1.2. Talent adds the reaction mix to the pre-cleared lysate [2.1-MED], and then mixes [2.2-MED]. TEXT: See text for details on pre-clearing the lysate Author note: This step was split into two shots because it’s too long.
3.1.3. Talent adds 162.5 μL of reducing reagent and then mixes. TEXT: See text for reagent composition.
3.2. Incubate at room temperature on an orbital shaker at 800 rpm for 2 hours [1-MED]. After this, quench the reaction by adding 5 mM EDTA and incubating on the orbital shaker at room temperature for 5 minutes.
3.2.1. Talent places the tube onto an orbital shaker, and then turns the shaker on.
3.2.2. Talent adds 5 mM EDTA to the tube, and then sets the tube back on the orbital shaker.
3.3. Next, split the reaction mixture between to 50 mL tubes – each containing 4 volumes of pre-chilled 100% methanol [1-MED], and incubate at -30 °C for 30 minutes [2-MED]. Centrifuge at 4,000 x g and 4 °C for 15 minutes [3-MED]. Discard the supernatant, and add between 1 and 2 mL of pre-chilled methanol to the pellet [4-MED].
3.3.1. Talent splits the reaction mixture between two tubes containing pre-chilled 100% methanol.
3.3.2. Talent transfers the tube to a freezer at -30 °C.
3.3.3. Talent places the tube in a centrifuge, and then closes the centrifuge. 
3.3.4. Talent adds pre-chilled 100% methanol to the tube. The supernatant should be removed before this shot.
3.4. Pipette up and down to break up the pellet [1-MED] – making sure that the pellet ends up completely suspended, with no visible chunks [2-CU]. Repeat the centrifugation and re-suspension process twice [3-MED].
3.4.1. Talent uses a pipette to break up the pellet.
3.4.2. Close up of the tube, showing that the pellet is completely suspended and there are no visible chunks.
3.4.3. Talent places the tube into a centrifuge and then closes the centrifuge.
3.5. After this, carefully draw out the residual methanol as much as possible, making sure not to disturb the pellet [1-MED]. Add 10 mL of reconstitution buffer [2.1-MED], and pipette up and down to dissolve the pellet [2.2-MED].
3.5.1. Talent removes the residual methanol from the tube.
3.5.2. Talent adds reconstitution buffer [2.1-MED], and then pipettes up and down to dissolve the pellet [2.2-MED] Author note: This step was split into two shots because it’s too long.
3.6. Centrifuge at 4,000 x g and 4 °C for 10 minutes [1-MED]. Then, transfer the supernatant to a new tube [2-MED] – making sure to collect 20 μL of the sample for quality control [3-MED].
3.6.1. Talent transfers the tube to a centrifuge and then closes the centrifuge.
3.6.2. Talent transfers the supernatant to a new tube.
3.6.3. Talent takes a 20 μL aliquot of the sample for quality control.
4. RNA-interactome Capture
4.1. Transfer the cleaned-up and reconstituted sample to the prepared streptavidin-agarose beads [1-MED-TXT]. Incubate at 4 °C with gentle rotation overnight [2-MED].
4.1.1. Talent transfers the sample to a vessel containing the prepared beads. TEXT: See text for details on bead preparation.
4.1.2. Talent transfers the vessel of sample/beads to a rotator in a cold room.
4.2. Spin down the beads at 4,000 x g for 5 minutes [1-MED]. Transfer the supernatant to a new tube [2-MED] – making sure to collect 20 μL of the sample for quality control [3-MED].
4.2.1. Talent transfers the tube to a centrifuge and then closes the centrifuge.
4.2.2. Talent transfers the supernatant to a new tube.
4.2.3. Talent takes a 20 μL aliquot of the sample for quality control.
4.3. Wash the beads with 10 mL of wash buffer A [1-MED-TXT]. Incubate with gentle rotation at 15 rpm and at room temperature for 10 minutes [2-MED]. Then, spin down the beads at 4,000 x g for 5 minutes [3-MED]. 
4.3.1. Talent washes the beads with wash buffer A. TEXT: See text for buffer composition.
4.3.2. Talent places the tube on a rotator, and turns the rotator on.
4.3.3. Talent transfers the tube to a centrifuge and then closes the centrifuge
4.4. Remove the supernatant [1.1-MED], and repeat the washing and centrifugation process once more [1.2-MED]. Repeat this wash process for wash buffer B and wash buffer C, as outlined in the text protocol.
4.4.1. [bookmark: _GoBack]Talent removes the supernatant [1.1-MED], and washes the beads with wash buffer A again. [1.2-MED] Author note: This step was split into two shots because it’s too long.
4.4.2. Talent washes the beads with either wash buffer B or wash buffer C. Any part of these actions can be shown here. However, make sure this looks different than previous shots to make it clear that it is a different action.
4.5. After this, wash the beads with 10 mL of 50 mM Tris-hydrochloride [1-MED]. Spin the beads down at 4,000 x g for 5 minutes [2-MED]. Remove the supernatant, and split the beads evenly between two 1.5 micro-centrifuge tubes [3-MED].
4.5.1. Talent washes the beads with Tris-hydrochloride.
4.5.2. Talent transfers the tube to a centrifuge and then closes the centrifuge
4.5.3. Talent splits the beads between two 1.5 mL micro-centrifuge tubes.
4.6. To begin eluting the captured RNPs, add 400 μL of prepared biotin elution buffer to 400 μL of washed settled beads [1-MED-TXT]. Incubate on an orbital shaker at 1,500 rpm at room temperature for 20 minutes [2-MED].
4.6.1. Talent adds the prepared biotin elution buffer to a tube containing the washed settled beads. TEXT: See text for buffer composition.
4.6.2. Talent places the tube on an orbital shaker, and turns the shaker on.
4.7. Then, incubate on an orbital shaker with a heat block at 1,500 rpm and 65 °C for 10 minutes [1-MED]. Centrifuge the beads at 7,800 x g for 1 minute [2-MED], and collect the eluted RNP [3-MED].
4.7.1. Talent transfers the tube to an orbital shaker with a heat block.
4.7.2. Talent transfers the tube to a centrifuge and then closes the centrifuge
4.7.3. Talent collects the eluted RNP.
4.8. Add 400 μL of fresh biotin elution buffer to the beads [1-MED]. Repeat the incubation and centrifugation process to collect a second elute [2-MED], and combine the two elutes in a single 15 mL tube [3-MED].
4.8.1. Talent adds fresh biotin elution buffer to the beads
4.8.2. Talent transfers the tube to a centrifuge and then closes the centrifuge. Alternatively, any part of this process can be shown here.
4.8.3. Talent combines the two elutes.
4.9. Next, add 3 volumes of dilution buffer to the combined RNP elutes to decrease the concentration of SDS [1-MED]. Using a 0.5 mL ultrafiltration tube, concentrate the sample to about 40 μL as outlined in the text protocol [2-MED].
4.9.1. Talent adds dilution buffer to the combined RNP elutes.
4.9.2. Talent adds the diluted sample to a 0.5 mL ultrafiltration tube. Alternatively, any part of this process can be shown here.
4.10. Add 0.5 μg/μL RNase A [1-MED], and incubate at 37 °C for 2 hours to release RBPs from cross-linked RNAs [2-MED]. Collect 2 μL of RBPs for quality control [3-MED].
4.10.1. Talent adds RNase A to the sample.
4.10.2. Talent transfers the sample to an water bath at 37 °C.
4.10.3. Talent collects 2 μL of RBPs for quality control.
5. Results: Quality Control of Captured RNA-binding Proteins
5.1. When optimizing CARIC protocols, quality control steps are critical. Representative quality control of the click labeled-samples is performed via in-gel fluorescence analyses [1-LM]. Only the doubly labeled sample shows a strong smear band at high molecular weight, which represents the signal of cross-linked RNPs [2-LM].
5.1.1. LAB MEDIA: Figure1.ai – Show only Figure 1A.
5.1.2. LAB MEDIA: Figure1.ai – In Figure 1A, visually emphasize the left-most band (which is the band with EU +, 4SU +, and RNase A -).
5.2. The RNP signal is abolished by omitting either the 4SU or EU [1-LM]. It can also be abolished by digestion with RNase A [2-LM].
5.2.1. LAB MEDIA: Figure1.ai – In Figure 1A, visually emphasize the band that is second to the left (EU +, 4SU -, RNaase A -) and the third band from the left (EU -, 4SU +, RNaase A -)
5.2.2. LAB MEDIA: Figure1.ai – In Figure 1A, visually emphasize the three right-most bands (the bands that are RNase positive)
5.3. In some cases, a strong smeared band [1-LM] is observed in the no 4SU-control sample [2-LM]. This band represents the labeled uncross-linked RNAs, which will degrade during the heat denaturation in most cases [3-LM].
5.3.1. LAB MEDIA: Figure1.ai – Show Figure 1B
5.3.2. LAB MEDIA: Figure1.ai – In Figure 1A, visually emphasize the second band from the left (EU +, 4SU -, RNase A -). Hold this emphasis for 5.3.3
5.3.3. LAB MEDIA: Figure1.ai – Hold the emphasis from 5.3.3 for this entire voiceover narration.
5.4. Quality control of the affinity pull-down efficiency is assessed through western blot analysis [1-LM], which shows the biotin signals in the samples both before pull-down and after pull-down [2-LM].
5.4.1. LAB MEDIA: Figure2.ai – Show only Figure 2A (the left hand image).
5.4.2. LAB MEDIA: Figure2.ai – In Figure 2A, visually emphasize the bands under the “input” header during “…both before pull-down…” and visually emphasize the bands under the “supernatant” header during “…and after pull-down.”
5.5. A silver-staining analysis of the captured RBPs reveals that – for HeLa cells – the general total capture efficiency is between 0.05 and 0.1% of input proteins [1-LM].
5.5.1. LAB MEDIA: Figure2.ai – Show only Figure 2B


6. Conclusion (said by authors on camera)

6.1. Rongbing Huang: While attempting this procedure, it’s important to remember that the RNAs are sensitive to ribonucleases. Keep the experimental environment as clean as possible to reduce degradation of RNAs [1-INT].
6.1.1. Rongbing Huang says the above statement in an interview-style shot, looking slightly off-camera.
6.2. Liying Meng: Following this procedure, proteomic identification using mass spectrometry can be performed to reveal the RNA-binding proteins [1-INT].
6.2.1. Liying Meng says the above statement in an interview-style shot, looking slightly off-camera.
6.3. Mengting Han: After its development, the CARIC technique paved the way for a more comprehensive understanding of the posttranscriptional gene regulation network [1-INT].
6.3.1. Mengting Han says the above statement in an interview-style shot, 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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