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Authors, please fill out the brief questionnaire below.   

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  
Can you record movies/images using your own microscope camera? (Y/N)__N.A._______  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N______ 
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 2.1; Step 2.2; Step 3.11; Step 4.1; Step 4.3; Step 5.5_
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.) __Step 2.3 and Step 4.3_________________________
E.  Will the filming need to take place in multiple locations? (Y/N) __ May be_____ If yes, how far apart are the locations? ___ possibly around a mile__Author:  please confirm before filming day if you will need filming to take place in multiple locations. OK, will confirm before filming if multiple 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. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this phosphorothioate approach in RNA is to perform saturation mutagenesis in a single step. (Intro)


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Ravinder Singh: This method can help answer key questions in the molecular biology field, such as gene regulation. 
1.2. Ravinder Singh: The main benefit of this technique is that in a single step one can accomplish saturation mutagenesis of a protein-binding site in RNA.   

C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
N.A. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
N.A.












Protocol: (read by voice talent at JoVE)

2. Generation of a Library of Mutants - Doping DNA Template with Non-Wild Type Nucleotides

2.1. A key step in this single-step saturation mutagenesis protocol is to dope the DNA template with non-wild-type nucleotides within the protein-binding site. First synthesize a T7 primer by chemical synthesis on a DNA synthesizer. [1-LM]

2.1.1.  Show slide 1 of ‘57816_Singh_graphics for video.pptx’

2.2. Next synthesize a doped oligonucleotide corresponding to the protein binding site. [1-LM]

2.2.1. Show slide 2 of ‘57816_Singh_graphics for video.pptx’

2.3. In this example, the underlined sequence contains the reverse complement of the Drosophila Sex-lethal protein-binding site with each doping site represented by an ‘X’. Use a ratio of 90% wild-type nucleotide to 10% non-wild type nucleotide for each site of doping. [1-LM] The sequence in green is complementary to the T7 primer sequence and is the T7 promoter for in vitro transcription. [2-LM]

2.3.1. Slide 2 of ‘57816_Singh_graphics for video.pptx’ Emphasize the underlined sequence.
2.3.2. Slide 2 of ‘57816_Singh_graphics for video.pptx’ Emphasize the green sequence.

3. Synthesis of RNA

3.1. The next step in this protocol is the synthesis of separate RNAs with each phosphorothioate nucleotide, followed by 5’ end radio-labeling of the RNA. [1-LM]

3.1.1. Show slide 3 with animation of ‘57816_Singh_graphics for video.pptx’

3.2. Synthesize RNAs for each phosphorothioate in a 20-µL transcription reaction. [1-MED] To each microcentrifuge tube, add the following: T7 transcription buffer, 1 µM T7 oligonucleotide, 1 µM doped oligonucleotide, 10 mM DTT, 2 mM GTP, 1 mM each of ATP, CTP and UTP, and 2 units per µL of T7 RNA polymerase. [2-CU-TEXT]

3.2.1. Talent labeling two microcentrifuge tubes and setting out reagents on the bench top/work surface.
3.2.2. Reagents being pipetted (in the order narrated) into one of the microcentrifuge tubes.  Add text overlay as each reagent is narrated. TEXT: T7 transcription buffer, 1 µM T7 oligonucleotide, 1 µM doped oligonucleotide, 10 mM DTT; 2 mM GTP; 1 mM each ATP, CTP, UTP; 2 U/µL T7 RNA polymerase.

3.3. Add 0.167 mM of α-thio ATP to one tube [1-CU] and 0.05 mM of α-thio UTP to the other tube. [2-CU]

3.3.1. *film as written.
3.3.2. *film as written.

3.4. Incubate the RNA synthesis reaction mixtures at 37 °C for 2 hours. [1-MED-TXT]

3.4.1. Talent putting the two microcentrifuge tubes into the 37 °C incubator.  Please get multiple usable takes; shot will be repeated later. TEXT:  37 °C; 2 h

3.5. After 2 hours, add 2.5 µL of heat-labile alkaline phosphatase and 2.5 µL of 10X phosphatase buffer to each RNA sample. [1-CU] Incubate at 37 °C for 10 - 30 minutes to remove 5’ phosphates. [2]

3.5.1. 2.5 µL heat-labile alkaline phosphatase and 2.5 µL 10X phosphatase buffer being added to one of the RNA samples.
3.5.2. Use shot from 3.4.1.

3.6. Inactivate the alkaline phosphatase enzyme by heating at 80 °C for 2 - 5 minutes. [1-CU]

3.6.1. The two microcentrifuge tubes being placed in 80 °C (heat block).  

3.7. The remaining steps involve the use of radioactivity and must be performed using appropriate precautions and a plexiglass shield to protect from radioactivity. [1-MED] To radiolabel the 5’ end of the dephosphorylated RNA, use 1 µL of T4 polynucleotide kinase and 1 µL of γ-32P ATP in a 10-µL reaction volume. [2-CU]

3.7.1. Talent putting on appropriate personal protective equipment and setting up work area with plexiglass shield, etc.
3.7.2. Dephosphorylated RNA, T4 polynucleotide kinase, γ-32P ATP and buffer being pipetted into a microcentrifuge tube.  (Note: perform mockup on filming day)

3.8. Incubate the reaction mixes at 37 °C for 30 - 60 minutes. [1-MED]

3.8.1. Talent putting the two reaction mixes (tubes) at 37 °C.

3.9. Inactivate the T4 polynucleotide kinase enzyme by heating at 65 °C for 20 - 30 minutes. [1-CU]

3.9.1. Talent putting the two reaction mixes (tubes) at 65 °C.

3.10. Run the reactions in a 10% denaturing polyacrylamide gel. [1-MED]

3.10.1. Talent loading a reaction into a 10% denaturing polyacrylamide gel.

3.11. Locate RNA on the gel by autoradiography and excise the gel slice containing radiolabeled RNA. [1-MED] Crush the gel slice in a microcentrifuge tube by pressing it against the side with a pipette tip, [2-CU] and then add Proteinase K buffer. [3-CU]

3.11.1. Talent placing X-ray film on gel, marking the band and then cutting out a gel slice with a razor blade.
3.11.2. Gel slice is transferred to a microfuge tube and crushed by pressing it against the side with a pipette tip.
3.11.3. Proteinase K buffer being pipetted into the microfuge tube with the crushed gel.

3.12. Rotate the tubes at room temperature from 2 hours to overnight. [1-MED]

3.12.1. Talent putting microfuge tubes into the rotator.

3.13. Next centrifuge the gel slurry, [1-MED] collect the buffer solution, and discard the gel. [2-CU]

3.13.1. Talent putting the microfuge tubes into the centrifuge and starting the spin.
3.13.2. Solution from one tube being transferred to a new tube.

3.14. Extract each solution twice with an equal volume of phenol-chloroform. [1-MED] After that, extract the solution once with chloroform. [2-CU]

3.14.1. Talent adding phenol-chloroform to the samples, mixing them and then putting them into the centrifuge.  Please get multiple usable takes; shot will be repeated later.
3.14.2. Talent adding chloroform to the samples and mixing them.

3.15. Collect the aqueous phase [1-CU] and add to it 0.1 volume of 3M Sodium Acetate, pH 5.2, carrier tRNA or glycogen, and 2.5 volume of ethanol. [2-CU] Keep the samples at -80 °C for 1 hour. [3-MED]

3.15.1. Talent transferring aqueous phase from one tube to a new tube. Please get multiple usable takes; shot will be repeated later.
3.15.2. Reagents being added to the tube. Please get multiple usable takes; shot will be repeated later.  
3.15.3. Talent putting the tubes into the -80 °C freezer.  Please get multiple usable takes; shot will be repeated later. 

3.16. Centrifuge the samples in a high speed microcentrifuge at 16,873 x g for 5-10 minutes. [1-MED-TXT] Remove the buffer/ethanol solution carefully without disturbing the RNA pellet. [2-CU]

3.16.1. Talent putting the sample into the centrifuge and starting the spin.  TEXT: 16,873 x g; 5-10 min
3.16.2. *film as written for one sample.

3.17. Wash the pellets with 70% ethanol [1-CU] and centrifuge for 2 - 5 minutes. [2-MED] Remove the ethanol carefully and air-dry the pellets. [3-CU]

3.17.1. 70% ethanol being added to all samples.
3.17.2. Talent putting tubes into the centrifuge and starting the spin.  
3.17.3. Ethanol being carefully pipetted out of a tube and then the tube is left with cap open.

3.18. Resuspend each pellet in 20 - 50 µL of DEPC-treated water. [1-CU] Store at -20 °C until use. [2-MED]

3.18.1. [bookmark: _GoBack]*film as written for one pellet.
3.18.2. Talent putting all tubes into the -20 °C freezer.

4. Protein Binding Reaction and Separation of Bound RNA 

4.1. The concept of partitioning due to interference is illustrated here.  [1-LM] During the process of protein binding, RNA molecules partition between the protein-bound fraction [2-LM] and the unbound fraction. [3-LM] If a specific nucleotide at a given position interferes with protein binding, it will be preferentially excluded from the protein-bound fraction. [4-LM]

4.1.1. Show left graphic only of slide 4 of ‘57816_Singh_graphics for video.pptx’
4.1.2. Left graphic of slide 4 of ‘57816_Singh_graphics for video.pptx’ Emphasize RNA #1, 2, 4 and 7.
4.1.3. Left graphic of slide 4 of ‘57816_Singh_graphics for video.pptx’ Emphasize RNA #3, 5 and 6.
4.1.4. Add right graphic of slide 4 of ‘57816_Singh_graphics for video.pptx’  

4.2. Subsequently, iodine is used to cleave the RNAs at the sites of phosphorothioate incorporation. [1-LM]

4.2.1. Show slide 5 with animation of ‘57816_Singh_graphics for video.pptx’

4.3. To begin this procedure, set up the protein-RNA binding reactions with each reaction containing 10 mM Tris-HCl, 1 mM DTT, 50 mM KCl, 0.5 units per µL of RNase inhibitor, 0.09 µg per µL of acetylated bovine serum albumin, 1 mM EDTA, 0.15 µg per µL of tRNA, 5’-end radiolabeled RNA, and 6 µL of an appropriate concentration of the protein. [1-MED-TEXT] 

4.3.1. Talent pipetting reagents into a tube in the order narrated.  Please get both tubes in frame. Add text overlay as each reagent is narrated. TEXT: 10 mM Tris-HCl (pH 7.5); 1 mM DTT; 50 mM KCl; 0.5 U/µL RNase inhibitor; 0.09 µg/µL acetylated BSA; 1 mM EDTA; 0.15 µg/µL tRNA; 5’-end radiolabeled RNA; 6 µL protein.

4.4. Incubate the protein binding reactions at 25 °C for 20 - 30 minutes.  [1-MED] 

4.4.1. Talent setting the two tubes at room temperature.  

4.5. Separate the protein-bound RNA fraction from the unbound fraction by nitrocellulose filter binding: apply the binding reaction onto a nitrocellulose filter connected to a vacuum manifold at room temperature. [1-CU] Only the RNA-protein complex will be retained on the filter while unbound RNA flows through the filter. [2-CU]

4.5.1. One of the binding reactions (20 - 100 µL) being pipetted onto a nitrocellulose filter connected to a vacuum manifold.
4.5.2. Vacuum is turned on and the solution with unbound RNA flows through the filter.

4.6. Cut the portion of the nitrocellulose filter containing the retained radioactive RNA into smaller pieces to fit into a microcentrifuge tube [1-CU] and add sufficient Proteinase K buffer to immerse the filter pieces. [2-CU] Elute RNA from the filter pieces for 2-3 hours or overnight.  [3-MED] 

4.6.1. Nitrocellulose filter is cut into smaller pieces which are placed into a microcentrifuge tube.
4.6.2. Proteinase K buffer (300 - 500 µL containing 10-20 µg PK) being added to the tubes.
4.6.3. Talent setting the tubes aside at room temperature.

4.7. Next transfer the solution from each tube to a new tube [1-MED] and extract with phenol-chloroform and chloroform as demonstrated earlier. [2] Collect the aqueous phase, [3] add sodium acetate and ethanol to the aqueous phase, [4] and incubate in the freezer. [5] 

4.7.1. Talent transferring solution from a tube (from 4.6) to a new tube.
4.7.2. Use shot from 3.14.1.
4.7.3. Use shot from 3.15.1.
4.7.4. Use shot from 3.15.2.
4.7.5. Use shot from 3.15.3.

4.8. After centrifuging, washing, and drying the RNA as shown earlier, resuspend the RNA in DEPC-treated water. [1-MED]

4.8.1. Talent resuspending one of the RNA samples in DEPC-treated water.

5. Analysis of Iodine-cleaved Phosphorothioate Products for Detection of Mutant Nucleotide Positions

5.1. All steps involving iodine must be performed in an exhaust hood. [1-MED] To cleave RNAs at the sites of phosphorothioate incorporation, add to each RNA sample 1 mM iodine in 20 µL of DEPC-treated water containing up to 10 µg of carrier tRNA. [2-CU] Incubate at room temperature for 5 minutes. [3-MED]

5.1.1. Talent setting up in the exhaust hood.
5.1.2. Iodine being added to the RNA samples.
5.1.3. Talent putting all samples at RT.

5.2. Precipitate cleaved RNA by adding sodium acetate and ethanol, [1-CU] as shown previously. [2]

5.2.1. Sodium acetate and ethanol being added to each sample.
5.2.2. Use shot from 3.15.3.
 
5.3. Resuspend cleaved RNA in a loading dye for denaturing gels. [1-CU] After heating, load the samples in a 15-20% denaturing polyacrylamide gel [2-MED] and separate the RNA fragments by electrophoresis. [3-MED]

5.3.1. *film as written for one sample.
5.3.2. Talent loading samples in a15-20% denaturing polyacrylamide gel.
5.3.3. Talent connecting the gel to the power supply and turning the power on.

5.4. Expose the polyacrylamide gel to an X-ray film [1-MED] and detect bands in the bound fraction versus total pool using autoradiography. [2-MED]

5.4.1. Talent placing the gel in a cassette and then taking the cassette into a dark room.
5.4.2. Talent examining an X-ray film that has been developed.

6. Results: characterization of protein binding site in RNA

6.1. This schematic illustrates the concept of partitioning due to interference. [1-LM] In lane T, the total RNA fraction, band intensity is approximately equal for all doped positions. [2-LM]

6.1.1. 57816fig3large.jpg.
6.1.2. 57816fig3large.jpg. Emphasize lane T.  

6.2. In the protein-bound RNA fraction, at positions 1, 4, and 7, the nucleotide has no effect on binding. [1-LM] However, at positions 3 and 6, it interferes with binding and is excluded from the bound fraction. [2-LM] At position 5, interference is partial. [3-LM] Comparisons of paired lanes for each nucleotide allow for analysis of all four nucleotides. [4-LM]

6.2.1. 57816fig3large.jpg. Emphasize lane B and positions 1, 4, and 7.
6.2.2. 57816fig3large.jpg. Emphasize lane B and positions 3 and 6.
6.2.3. 57816fig3large.jpg. Emphasize lane B and position 5.
6.2.4. 57816fig3large.jpg.

6.3. This autoradiograph shows two pairs of lanes from a denaturing gel. Lane T is total RNA and lane B is protein-bound RNA. The vertical line marks the Sex-lethal binding site. [1-LM]

6.3.1. 57816fig4large.jpg

6.4. For the α-thio A lane pair, bands 1, 2, 3 and 5 are present in the total RNA fraction but absent or significantly reduced in the bound RNA fraction. [1-LM] For the α-thio U lane pair, bands 7 and 8 are relatively less intense in the bound fraction. [2-LM] Residues that are preferentially excluded from the bound fraction are important for protein binding. [3-LM]

6.4.1. 57816fig4large.jpg. Emphasize the α-thio A lanes and positions 1, 2, 3 and 5.
6.4.2. 57816fig4large.jpg. Emphasize the α-thio U lanes and positions 7 and 8.
6.4.3. 57816fig4large.jpg


7. Conclusion (said by authors on camera)
7.1. Ravinder Singh: Once RNA is synthesized and 5’-end labeled, this technique can be done in 12 hours if it is performed properly. 
7.2. Ravinder Singh: While attempting this procedure, it’s important to remember that appropriate level of phosphorothioate incorporation, and determination of appropriate protein concentration for binding are important considerations. 
7.3. Ravinder Singh: Following this procedure, other methods like appropriate functional assays or in vivo tests can be done to validate the outcome of the mutagenesis approach and understand the biological relevance. 
7.4. Ravinder Singh: This technique provides an alternative to other methods that are either more expensive or more laborious, or both.
7.5. Ravinder Singh: After watching this video, you should have a good understanding of how to design and synthesize mutant library, perform binding reactions, identify mutant nucleotides in each pool, and analyze quantitatively the effect of non-wild type nucleotides at each position tested.
7.6. Ravinder Singh: Don't forget that working with polyacrylamide and radioactivity can be hazardous and precautions such as using gloves, proper exhaust, and radioactive shields should always be taken while performing this procedure.   


Provided Media

2.1. Slide 1 of ‘57816_Singh_graphics for video.pptx’
2.2 – 2.3. Slide 2 of ‘57816_Singh_graphics for video.pptx’
3.1. Slide 3 of ‘57816_Singh_graphics for video.pptx’
4.1. Slide 4 of ‘57816_Singh_graphics for video.pptx’
4.2. Slide 5 of ‘57816_Singh_graphics for video.pptx’
6.1-6.2. 57816fig3large.jpg.
6.3-6.4. 57816fig4large.jpg


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 in the email accompanying the finalized script.
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