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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  No
Can you record movies/images using your own microscope camera? (Y/N)
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? (Y/N) No 

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.)
Steps: 2.1, which is the design of the binding site cassette. 3.4-3.7, which is the process in which the bacteria are grown with the inducer.

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.)
Step 2.1, which is the design of the binding site cassette. Since the assay is based on repression of the mCherry gene, a viable mCherry signal is required. First, keep the open reading frame (ORF) of the mCherry. Since the binding-site length can vary, inserting it into the gene can cause a shift of one or two bases from the original mCherry ORF. In that case (Figure 4A), insert one or two bases immediately downstream to the binding site. Second, avoid insertions of stop codons into the mCherry ORF. Some binding sites (Figure 4B, inset) contain stop codons when positioned in one or more of the three possible ORFs. Finally, designing a few cassettes with the same binding site but different spacing increases the chances that at least one configuration will yield high enough reporter levels for repression detection (Figure 4B).

5. Will the filming need to take place in multiple locations? (Y/N) Yes
If yes, how far apart are the locations? 
They are in the same building, in two different floors (floor 3 and 1). There are big elevators in the building. Floor 3 has the wet-lab and the office space, and floor 1 has the liquid-handling robot.
Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

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

1.1. Roee Amit: The characterization of protein binding to RNA in-vivo still remains a challenge due to the intricate nature of RNA and the many factors effecting its interaction with proteins [1].

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

1.2. Roee Amit: RNA binding protein, or RBP,-RNA affinity is measured inside live bacterial cells. Since cellular environment affects RBP-RNA binding, measuring its affinity in-vivo is crucial for understanding such interactions in natural systems [1].

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

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

1.3. Noa Katz: The secret to success is in the design of the plasmids. The design should use several values of delta and be error-free with no insertion of stop codons and frame-shift mutations [1]. 

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









Section - Protocol
2. Design of Binding-Site Plasmids 
2.1. Begin this protocol by designing the binding site cassette. Each mini-gene contains an Eagl (eeg-one) restriction site; 40 bases from the 5-prime end of the kanamycin resistance gene; the pLac-Ara (p-lack-arah) promoter; the ribosome binding site; AUG (A-U-G) of the mCherry gene; a spacer; an RBP binding site; 80 bases from the 5-prime end of the mCherry gene; and an ApaLI (apah-L-one) restriction site [1].
2.1.1. LAB MEDIA: Figure1_left-panel.ai – Authors, please provide a version of figure 1 with the top left image only. If you have flattened this figure, please submit it in its original file format as unflattened, layered images so that different components can be emphasized in the video.  – Video editors, please emphasize each component of the expanded section as it is narrated. Emphasize “δ” as “a spacer” is narrated. 
2.2. To increase the success rate of the assay, design three binding-site cassettes for each binding site, with spacers consisting of at least one, two, and three bases [1].
2.2.1. MED: Talent works at the computer to design the binding cassettes.
2.3. Double-digest both the mini-genes and the target vector with Eagl-HF (eeg-one-HF) and ApaLI before performing column purification of the digests [1-TXT].
2.3.1. CU: Column as talent pipettes the digests onto it. TEXT: See text for restriction protocol references
2.4. Ligate the digested mini-genes to the binding-site backbone containing the rest of the mCherry reporter gene, terminator, and a kanamycin resistance gene [1]. Then, transform the ligation solution into Escherichia coli TOP10 cells [2].
2.4.1. MED: Talent performs a step in the ligation. Use labeled containers whenever possible for viewer clarity.
2.4.2. CU: Plate as talent spreads the transformation out there. Near fire to avoid contamination.
2.5. After identifying positive transformants via Sanger sequencing, store purified plasmids in the 96-well format at minus 20 degrees Celsius [1]. Also store the bacterial strains as glycerol stocks in the 96-well format at minus 80 degrees Celsius [2].
2.5.1. MED: Talent places 96-well plates of plasmids into the -20 degrees freezer.  
2.5.2. WIDE: Talent places the glycerol stocks in the -80 degree Celsius freezer.
3. Design and Construction of the RBP Plasmid
3.1. Custom-order the required RBP sequence lacking a stop codon as a double-stranded DNA mini-gene with restriction sites at the ends [1].
3.1.1. LAB MEDIA: Figure1_right-panel.ai – Authors, please provide a version of figure 1 with the top right image only. 
3.2. Transform the prepared plasmids into chemically-competent bacterial cells already containing an RBP-mCerulean (M seh-ru-lee-an) plasmid [1-TXT]. 
3.2.1. CU: Plates/reaction tubes as talent performs a step in the transformation of the bacterial cells. Near fire to avoid contamination. TEXT: See text for transformation protocol references
3.3. To save time, plate the cells using an 8-channel pipettor on 8-lane plates containing Luria-Bertani agar with relevant antibiotics [1-TXT]. Colonies should appear in 16 hours at 37 degrees Celsius [2].
3.3.1. CU: 8-lane plate as talent plates the cells using an 8-channel pipettor. Near fire to avoid contamination. TEXT: Luria-Bertani = LB
3.3.2. MED: Talent places the plate into the incubator. 
3.4. Select a single colony for each double transformant and transfer to 48-well plates containing 1.5 milliliters of LB with appropriate antibiotics [1-TXT]. Grow the cells over a period of 18 hours at 37 degrees Celsius, shaking at 250 rpm [2]. 
3.4.1. CU: 8-lane plate as talent selects a single colony got each double transformant and inoculates LB medium. TEXT: See text for antibiotic concentrations
3.4.2. CU: Talent places the plate into the incubator and it is shaken inside. 
3.5. Store the overnights as glycerol stocks at minus 80 degrees Celsius in 96-well plates [1].
3.5.1. MED or WIDE: Talent places the 96-well plate into the -80 degrees Celsius freezer.
4. Experiment Setup
4.1. In the morning, program the robot to warm 180 microliters of semi-poor medium, or SPM, in 96-well plates [1].
4.1.1. MED: Talent programs the robot to prepare the 96-well plates containing the SPM. 
4.2. Program the robot to prepare the inducer plate. In a clean 96-well plate, prepare wells with SPM, consisting of 95% BA and 5% LB. The number of wells corresponds to the desired number of inducer concentrations [1-TXT].
4.2.1. CU: Inducer plate as the robot prepares it. TEXT: See text for preparing bioassay buffer (BA)
4.3. Add C4-HSL (C-four H-S-L) to the wells in the inducer plate that will contain the highest inducer concentration [1-TXT]. 
4.3.1. CU: 96-well plate as talent adds C4-HSL to four wells. TEXT: C4-HSL = N-butyryl-L-Homoserine lactone
4.4. Next, program the robot to serially dilute medium from each of the highest-concentration wells into 23 lower concentrations ranging from 0 to 218 nanoMolar [1]. The volume of each inducer dilution should be sufficient for all strains [2].
4.4.1. MED: Talent programs the robot to perform the serial dilution.
4.4.2. CU: Footage of the robot preparing the inducer dilutions.
4.5. To dilute the overnight strains, program the robot to dilute by a factor of 10 by mixing 20 microliters of bacteria with 180 microliters of SPM in 48-well plates [1]. Then, dilute again by a factor of 10 by taking 20 microliters from the diluted solution into the pre-prepared strain plate suitable for fluorescent measurements [2].
4.5.1. CU: 48-well plates as robot dilutes the overnight strains by mixing 20 microliters with 180 microliters of SPM in 48-well plates.
4.5.2. CU: 96-well plates as robot pipettes 20 microleters into the 180 microliters of pre-warmed SPM in the 96-well plate.
4.6. Now, program the robot to add the diluted inducer from the inducer plate to the 96-well plates with the diluted strains according to the final concentrations [1]. 
4.6.1. CU: Inducer plate and 96-well plate as robot adds the diluted inducer from the inducer plate to the 96-well plate. 
4.7. Shake the 96-well plates at 37 degrees Celsius for 6 hours [1].
4.7.1. CU: 96-well plates as they shake in the incubator 
4.8. During that time, take measurements of the optical density, or OD, at 595 nanometers, as well as mCherry and mCerulean fluorescence via a plate reader every 30 minutes [1-TXT]. For normalization purposes, measure growth of SPM with no cells added [2]. 
4.8.1. CU: Robot inserts the plate into the plate reader. TEXT (Video editors, semi-colon indicates line break): mCherry (560 nm/612 nm); mCerulean (460 nm/510 nm)
4.8.2. 





Section – Results
5. Results: Quantifying Protein-RNA Binding in Bacteria
5.1. [bookmark: _GoBack]Shown here are three-dimensional plots for a positive strain [1]. The plots depict raw OD levels… [2], mCerulean fluorescence…. [3], and mCherry fluorescence… [4] as a function of time… [5] and inducer concentration [6].
5.1.1. LAB MEDIA: Figure 2A – Authors, please provide a version of figure 2A without the “A” label. If you have flattened this figure, please submit it in its original file format as unflattened, layered images so that different components can be emphasized in the video. 
5.1.2. LAB MEDIA: Figure 2A – Video editors, please emphasize the top plot as this point is narrated.
5.1.3. LAB MEDIA: Figure 2A –Video editors, please emphasize the middle plot as this point is narrated.
5.1.4. LAB MEDIA: Figure 2A –Video editors, please emphasize the bottom plot as this point is narrated.
5.1.5. LAB MEDIA: Figure 2A –Video editors, please emphasize the axes/labels that says “time” as this point is narrated.
5.1.6. LAB MEDIA: Figure 2A –Video editors, please emphasize the axes/labels that says “inducer” as this point is narrated.
5.2. mCerulean steady-state expression levels were computed for each inducer concentration [1] for both the positive…  [2] and negative strains [3]. 
5.2.1. LAB MEDIA: Figure 2B – Authors, please provide a version of figure 2B without the “B” label. If you have flattened this figure, please submit it in its original file format as unflattened, layered images so that different components can be emphasized in the video. - Video editors, please zoom into the top plots as this point is narrated.
5.2.2. LAB MEDIA: Figure 2B –Video editors, staying zoomed in, please emphasize the top left plot as this point is narrated.
5.2.3. LAB MEDIA: Figure 2B –Video editors, staying zoomed in, please emphasize the top right plot as this point is narrated.
5.3. The mCherry production rate was computed for time-points 2 to 3 hours after induction [1]. 
5.3.1. LAB MEDIA: Figure 2B –Video editors, staying zoomed in, please pan down to the bottom plots.
5.4. mCherry production rate was plotted as a function of mean mCerulean fluorescence averaged over two biological duplicates for two strains [1].  
5.4.1. LAB MEDIA: Figure 2C – Authors, please provide a version of figure 2C without the “C” label. 
5.5. The fit for KRBP (K-R-B-P) using the fitting formula is shown for the positive strain, exhibiting a specific binding response [1]. For the negative strain, no KRBP value was extracted [2]. 
5.5.1. LAB MEDIA: Figure 2D – Authors, please provide a version of figure 2D without the “D” label. If you have flattened this figure, please submit it in its original file format as unflattened, layered images so that different components can be emphasized in the video. –Video editors, please emphasize the left plot.
5.5.2. LAB MEDIA: Figure 2D –Video editors, please emphasize the right plot.
5.6. Normalized dose-response curves were determined for thirty different strains based on two RBPs and ten binding sites at different locations [1]. Three types of responses are observed: high affinity… [2], low affinity… [3], and no affinity [4]. 
5.6.1. LAB MEDIA: Figure 3A – Authors, please provide a version of figure 3A without the “A” label. If you have flattened this figure, please submit it in its original file format as unflattened, layered images so that different components can be emphasized in the video. 
5.6.2. LAB MEDIA: Figure 3A –Video editors, please emphasize “High affinity strains” and the corresponding bracket.
5.6.3. LAB MEDIA: Figure 3A –Video editors, please emphasize “Low affinity strains” and the corresponding bracket.
5.6.4. LAB MEDIA: Figure 3A –Video editors, please emphasize “No affinity strains” and the corresponding bracket.
5.7. Shown here are quantitative KRBP results for two RBPs [1], MS2 coat protein… [2] and PP7 coat protein… [3], with five different binding site cassettes [4]. 
5.7.1. LAB MEDIA: Figure 3B – Authors, please provide a version of figure 3B without the “B” label. If you have flattened this figure, please submit it in its original file format as unflattened, layered images so that different components can be emphasized in the video.
5.7.2. LAB MEDIA: Figure 3B –Video editors, please emphasize the column labeled “MCP.”
5.7.3.  LAB MEDIA: Figure 3B –Video editors, please emphasize the column labeled “PCP.”
5.7.4. LAB MEDIA: Figure 3B
5.8. Dose-response curves for MS2 coat protein with a mutant binding site at four different locations are shown here to demonstrate the effect of the mutant spacing on mCherry production [1]. The sequence of the tested mutated binding site is shown [2].  
5.8.1. LAB MEDIA: Figure 4B – Authors, please provide a version of figure 4B without the “B” label. If you have flattened this figure, please submit it in its original file format as unflattened, layered images so that different components can be emphasized in the video.
5.8.2. LAB MEDIA: Figure 4B – Video editors, please emphasize the inset.



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

6.1. Roee Amit: It is important to use a SHAPE-seq technique to chemically probe the structure and protein interactions of the RNA, and to visualize which mRNA-regions are affected by RBP-binding [1].

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
6.2. Noa Katz: Recently, we used this technique in a high-throughput manner to simultaneously measure the affinity of three RBPs to ten thousand binding sites [1].

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