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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  
Can you record movies/images using your own microscope camera? NA
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.

2. Does your protocol include software usage? N
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
We consider the step 2.3.2, 2.8.2, 3.2.1, 3.3.1, 3.6.1 are most important for the viewers.
4. 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.)
We think the step 2.1.3 is most difficult. We will prepare backup samples to ensure the shooting is successful.
5. Will the filming need to take place in multiple locations? N
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Wenxiu He: This protocol offers a biotin-labeled platform for the study of protein-nucleic acid interactions that proves to be robust, reliable, efficient, and affordable. 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.2. Wenxiu He: The main advantage of this method is that it is non-radioactive. Secondly, biotin-labeled probes can be stably preserved for at least 1 year at -20 °C. The same batch of the biotin-labeled nucleic acids can be used over a long period of time, maintaining reproducibility of experiments. Finally, all biotin-labeled assays described here can be performed within a day and do not require special equipment.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Introduction of Demonstrator: (Said by you on camera)

1.3. Wenxiu He: Demonstrating the procedure will be Lina Yu, a postgraduate from my laboratory. 

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.



Section - Protocol
2. Protein Preparation 
2.1. Prepare MEIOB (pronounce “maɪ-O-B”) and MOV10 (pronounce “move-ten”) constructs and transform them into the appropriate bacteria [1-TXT]. To extract MEIOB, pellet the cells via centrifugation and resuspend them in 20 milliliters of ice-cold Dulbecco’s phosphate buffered saline, or DPBS, buffer [2]. Sonicate the suspension according to manuscript directions [3]. Sonicate the bacterial suspension on ice. [3]
2.1.1. WIDE: Establishing shot of talent walking into the lab with the cell cultures in hand. TEXT: See manuscript for MEIOB and MOV10 preparation
2.1.2. MED: Talent resuspending cells.
2.1.3. MED: Talent sonicating cells. Videographer: This step is most difficult!
NOTE: Authors indicated that they didn’t film this step, but they added VO so perhaps they did. If not, please include the VO in the previous shot.
2.2. Then, centrifuge the lysate at 12,000 x g and 4 C for 15 minutes [1] and transfer the supernatant to a fresh tube [2]. Pre-wash glutathione-sepharose beads and incubate them with the lysate at 4 C for 2 hours [3]. Centrifuge the mixture at 750 x g and 4 C for 1 minute to pellet the beads [4].  
2.2.1. MED: Talent taking the tubes out of the centrifuge.
2.2.2. CU: Talent aspirating supernatant. 
2.2.3. MED: Talent adding beads to lysate. 
2.2.4. MED: Talent putting the lysate/bead mixture into the centrifuge.
2.3. Rinse the beads with 10 milliliters of ice-cold PBS 8 times [1]. Then, add 1 milliliter of elution buffer [2], incubate the beads at 4 C for 10 minutes, and elute the beads via centrifugation [3-TXT]. Repeat the elution 6 times and pool together the 6 fractions [4]. 
2.3.1. CU: Talent rinsing the beads. 
2.3.2. MED: Talent adding elution buffer to beads. Videographer: This step is important!
2.3.3. [bookmark: OLE_LINK10][bookmark: OLE_LINK9]MED: Talent taking the sample tube out of the centrifuge. TEXT: 750 x g; 4 °C; 1 min
2.3.4. CU: Talent adding another fraction to the tube with eluate.

2.4. Transfer the eluted proteins into a centrifugal filter [1] and concentrate by centrifugation at 7,500 x g for a final volume of 100 to 200 microliters [2]. 

2.4.1. MED: Talent transferring eluate to centrifugal filter. 
2.4.2. MED: Talent placing filter into centrifuge and starting it. 

2.5. To extract MOV10, express the protein in HEK293T cells and pellet the cells according to manuscript directions [1]. Resuspend the pellet in 3 milliliters of cell lysis buffer with complete EDTA-free protease inhibitor cocktail [2] and incubate for 30 minutes on ice [3]. Then, centrifuge the lysate at 4 C [4-TXT].

2.5.1. MED: Talent taking pelleted cells out of the centrifuge.
2.5.2. CU: Talent resuspending cells.
2.5.3. MED: Talent putting the cells on ice. 
2.5.4. MED: Talent putting the lysate in the centrifuge. TEXT: 20,000 x g for 20 minutes

2.6. Prepare anti-FLAG magnetic beads by washing them twice with K150 buffer [1-TXT]. After the wash, resuspend the beads in 1 milliliter of ice-cold K150 buffer [2] and incubate them for 2 minutes at 4 C with gentle rotation [3].

2.6.1. MED: Talent washing beads. TEXT: 100μL beads per dish of cells
2.6.2. MED: Talent resuspending beads. Author NOTE: Please cut off the last 1 second part of the shot video: "place the tube on the magnet", as this action belongs to step 2.7.1.
2.6.3. MED: Talent putting beads in incubator and starting gentle rotation.

2.7. Collect the beads on a magnet and remove the supernatant [1]. Add the beads to the cell lysate [2] and incubate at 4 C for 2 hours [3]. 

2.7.1. CU: Talent removing supernatant from beads on magnet. 
2.7.2. MED: Talent adding the beads to the cell lysate.
2.7.3. MED: Talent putting beads in fridge/incubator.

2.8. Wash the beads with K150 buffer according to manuscript directions [1] and resuspend the beads in 300 microliters of FLAG elution buffer [2]. Place the beads on a magnet, collect the supernatant with the MOV10 proteins, and determine protein concentration [3].

2.8.1. Use 2.6.1 NOTE to editor: Blur any labels on the tubes/ reagents because this step involves different reagents than 2.6.1 
2.8.2. MED: Talent resuspending beads. Videographer: This step is important!
2.8.3. MED: Talent collecting supernatant from the beads on a magnet.
3. Nucleic Acid Preparation and In Vitro Biochemical Assay
3.1. Prepare the RNA oligonucleotides by diluting each oligo to 20 micromolar and annealing them to form RNA duplexes according to manuscript directions [1]. 
3.1.1. MED: Talent heating RNA oligos to anneal them.
3.2. For the MEIOB electrophoretic mobility shift assay, or EMSA, mix the reagents according to manuscript directions [1]. Add water for a final reaction volume of 20 microliters [2]. Incubate the reaction at room temperature for 30 minutes [3] and then add 5X stop buffer [4]. 
3.2.1. MED: Talent adding reagents to tube at the bench. Videographer: This step is important!
3.2.2. CU: Talent adding water to reaction tube. 
3.2.3. MED: Reaction tube on lab bench.
3.2.4. MED: Talent adding stop buffer to reaction.
3.3. For the MOV10 helicase activity assay, mix the reagents according to manuscript directions and add water for a final reaction volume of 20 microliters [1]. Incubate the reaction at 37 C for 10 minutes, 30 minutes, and 60 minutes [2] and then add 5X stop buffer to stop the reaction [3]. 
3.3.1. MED: Talent adding reagents to tube at the bench. Videographer: This step is important!
3.3.2. MED: Talent putting reaction in incubator.
3.3.3. Use 3.2.4. NOTE to editor: Blur any labels on the tubes/ reagents because this step involves different reagents than 3.2.4. 
3.4. Then, prepare a 20% native polyacrylamide gel and load 20 to 25 microliters of each sample into each well [1]. Run the gel at 100 Volts on an ice bath until the bromophenol blue marker has migrated to the bottom quarter of the gel [2].
3.4.1. MED: Talent loading samples into gel.
3.4.2. MED: Gel running.

3.5. Wenxiu He: Acrylamide is harmful and toxic; it is important to handle it with appropriate personal protective equipment.

3.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking more directly at the camera. Videographer: Because this is a warning, instruct talent look more directly at the camera than during the other interview statements.
3.6. Disassemble the gel plates and trim the gel by removing loading wells and unused lanes [1]. Place the gel in 0.5X TBE buffer [2]. Cut filter paper and nylon membrane to the size of the gel [3], prewet the paper and membrane [4], and assemble the stack for transfer [5]. 

3.6.1. MED: Talent removing gel from plates and trimming it. Videographer: This step is important!
3.6.2. MED: Talent putting gel in buffer. 
3.6.3. MED: Talent cutting paper or membrane. 
3.6.4. MED: Talent wetting the paper or membrane. 
3.6.5. MED: Talent assembling stack. 

3.7. Transfer the samples from the gel to the membrane in a semi-dry electrophoretic apparatus at 90 milli-Amperes for 20 minutes [1]. Then, crosslink the samples by irradiating the membrane at 120 milli-Joules per centimeter squared for 45 to 60 seconds [2]. 

3.7.1. MED: Samples transferring in the electrophoretic apparatus. 
3.7.2. MED: Membrane being irradiated.
4. Chemiluminescence Detection
4.1. For chemiluminescence detection, begin by adding 20 milliliters of blocking buffer to the membrane and incubating it for 15 to 30 minutes while gently shaking [1-TXT]. Carefully remove the blocking buffer and replace it with conjugate-blocking buffer [2]. Incubate the membrane again for 15 minutes [3]. 
4.1.1. MED: Talent adding blocking buffer and placing membrane on a rotator. TEXT: 20 – 25 rpm 
4.1.2. MED: Talent removing blocking buffer and adding conjugate-blocking buffer.
4.1.3. MED: Membrane incubating on rotator.
4.2. Wash the membrane 4 times while shaking for 5 minutes per wash [1-TXT]. Then, add 30 milliliters of substrate equilibration buffer to the membrane [2] and incubate it for 5 minutes while shaking at 20 to 25 rpm [3].
4.2.1. MED: Talent washing the membrane. TEXT: 40 – 45 rpm
4.2.2. Use 4.1.1. first part: Talent adding buffer to membrane. NOTE to editor: Blur any labels on the tubes/ reagents because this step involves different reagents than 4.1.1.
4.2.3. Use 4.1.1. second part: Talent placing membrane on a shaker.
4.3. Cover the entire surface of the membrane with substrate working solution and incubate for 5 minutes [1]. After the incubation, scan the membrane in a chemiluminescent imaging system for 1 to 3 seconds [2]. 
4.3.1. MED: Talent covering the membrane with solution. 
4.3.2. WIDE: Talent imaging the membrane. 







[bookmark: _GoBack]

Section – Results
5. Results: Interaction of MEIOB and MOV10 Proteins with Nucleic Acids  
5.1. Purification of the MEIOB proteins A, C, and E can be verified with Coomassie blue staining and western blot analysis. The red arrows indicate the positions of the purified MEIOB proteins [1].
5.1.1. Figure 1 B.
5.2. Interactions of MEIOB and single-stranded DNA can be visualized using EMSA [1]. Concentration dependent binding [2] and cleavage [3] are observed. As expected, only the wild-type MEIOB-A interacts with the DNA while the mutant MEIOB-E and MEIOB-C do not [4]. 
5.2.1. Figure 2 B and C.
5.2.2. Figure 2 B. Video Editor: Emphasize the 2nd, 3rd, and 4th lane (A).
5.2.3. Figure 2 C. Video Editor: Emphasize the 2nd, 3rd, and 4th lane (A).
5.2.4. Figures 2 B and C. Video Editor: Emphasize the 5th and 7th lanes (E and C).
5.3. Interactions of MEIOB and single-stranded RNA can also be observed [1]. Wild-type MEIOB shows concentration-dependent binding [2] and exonuclease activity on single-stranded RNA [2]. However, quantitative comparison shows that MEIOB binds DNA with higher efficiency than RNA [3]. 
5.3.1. Figure 3 A and B. 
5.3.2. Figure 3 A. Video Editor: Emphasize the 2nd, 3rd, and 4th lane (A).
5.3.3. Figure 3 B. Video Editor: Emphasize the 2nd, 3rd, and 4th lane (A).
5.3.4. Figure 3 C.

5.4. Purification of MOV10 was verified with Coomassie blue staining [1] and the protein’s helicase activity was measured on an RNA duplex with a 5-prime overhang [2]. As reaction time increases, MOV10 progressively unwinds the double-stranded RNA [3]. 

5.4.1. Figure 4 A. 
5.4.2. Figure 4 B. 
5.4.3. Figure 4 B. Video Editor: Emphasize the second band progressively becoming brighter in the 0 through 60 min lanes. 

5.5. To reduce cost of the assay, the chemiluminescence detection can be performed with either a 2-fold dilution of the detection kit reagents [1] or with self-made reagents [2]. 

5.5.1. Figure 5. Video Editor: Emphasize center image (2X diluted commercial). 
5.5.2. Figure 5. Video Editor: Emphasize the 3rd image (self-made reagents).


Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

6.1. Wenxiu He: The protocol described here successfully uses biotin-labeled nucleic acids as substrates for in vitro biochemical assays such as EMSA and for enzymatic reactions in which biotin has not been commonly used.

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