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Title: Large-Scale Production of Recombinant RNAs on a Circular Scaffold Using a Viroid-Derived System in Escherichia Coli

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)_________  
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.) __Selected steps are fine___
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.) __No difficult step in this protocol__
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ 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. José-Antonio Daròs: This method can help to produce large amounts of recombinant RNAs of interest for applications in research or industry.
1.1.1. José-Antonio Daròs says the above statement in an interview-style shot, looking slightly off-camera. Videographer note: In my opinion, the last statement is the best one.

1.2. José-Antonio Daròs: The main advantage is that recombinant RNA is produced in Escherichia coli in a cheap process that can be easily scaled-up. Importantly, the RNA is produced on a circular RNA scaffold, which facilitates purification to homogeneity. 
1.2.1. José-Antonio Daròs 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. José-Antonio Daròs: In contrast to DNA or proteins, RNAs of interest are not easily produced in large amounts in biofactory systems, such as an Escherichia coli culture [1-INT].
1.3.1. José-Antonio Daròs says the above statement in an interview-style shot, looking slightly off-camera. Videographer note: MED MVI_3371 and MVI_3372 are the two attempts. In my opinion, I would choose MVI_3372.
1.4. José-Antonio Daròs: Our method is based on co-expression of the RNA of interest inserted into a highly stable circular scaffold and a plant ligase that mediates RNA circularization [1-INT].
1.4.1. José-Antonio Daròs says the above statement in an interview-style shot, looking slightly off-camera. Videographer note: CU
1.5. José-Antonio Daròs: The circular RNA scaffold derives from eggplant latent viroid. Viroids are relatively small, non-coding, highly base-paired circular RNAs that are infectious to some higher plants [1-INT].
1.5.1. José-Antonio Daròs says the above statement in an interview-style shot, looking slightly off-camera. Videographer note: MED In my opinion, the last statement is the best one.
1.6. Verónica Aragonés: We can produce tens of milligrams of the recombinant RNA per liter of bacterial culture in regular laboratory conditions [1-INT].  
2.1.1. Verónica Aragonés says the above statement in an interview-style shot, looking slightly off-camera. Videographer note: MED In MVI_3385 and MVI_3386 you will find plenty of options. 


Protocol: (read by voice talent at JoVE)

(Voiceover Talent: pronounce all appreciations as the individual letters, unless otherwise indicated)
3. Plasmid Construction
3.1. To begin this procedure, amplify the cDNA by PCR as outlined in the text protocol [1-MED].
3.1.1. Talent inserts the sample into the PCR device, and begins the thermocycler program to amplify the cDNA. 
3.2. Next, add 100 ng of the plasmid pLELVd-BZB to a 0.5 mL tube [1-MED]. Add 10 U of the type-IIS restriction enzyme Bpi I and enough of buffer G to create a 20-µL reaction [2-MED-TXT]. Incubate at 37 °C for 1 hour to digest the plasmid [3-MED].
3.2.1. Talent adds some of the plasmid pLELVd-BZB to a 0.5 mL tube. 
3.2.2. Talent adds Bpi I and buffer G to the tube. TEXT: See text for buffer composition. Videographer note:  I filmed three options for 3.2.2.. Both first ones are called 3.2.2.. The first one is from the left side, the second one is from the right side and the last one is a CU from the vortex, just in case. 
3.2.3. Talent transfers the tube to an incubator at 37 °C. Videographer note: CU. I filmed two options for 3.2.3.. The first one with the talent staying in the scene when she finished the action, and the last one, leaving the scene. 
3.3. After this, separate the PCR and digestion products by electrophoresis in a 1% agarose gel in TAE buffer [1-MED-TXT]. Stain the gel by shaking it in 200 mL ethidium bromide at a concentration of 0.5 µg/mL [2-MED].
3.3.1. Talent loads the PCR and digestion products on an agarose gel. TEXT: See text for buffer composition. 
3.3.2. Talent places the gel in a vessel filled with 200 mL ethidium bromide solution, and then shakes it. Videographer note: CU
3.4. Using a UV transilluminator, visualize the DNA [1-MED]. Use a scalpel to cut out the bands corresponding to the amplified cDNA and the Bpi I digested plasmid [2-MED/CU].
3.4.1. Talent uses a UV transilluminator with the gel. Videographer note: MED. First the light is on and then is off. In my opinion, you can use from the part when the light is off, otherwise the beginning of the scene is overexposed. 
3.4.2. Talent uses a scalpel to cut the bands out of the gel. Film this as close up on the gel as possible while still clearly showing the full action. CU
3.5. Using silica gel columns, elute the DNAs from the gel fragments [1-MED]. Quantify the concentration of the DNA by spectrophotometric analysis [2-MED].
3.5.1. Talent approaches a lab bench – where a silica gel column is already set up – with the gel fragments in hand. Talent begins the process of eluting the DNA from the fragments. Alternatively, any action during the elution process (using these columns) can be shown here. MED
3.5.2. Talent, at a lab bench with a spectrophotometer, takes a reading of an eluted DNA sample. MED
3.6. Set up a Gibson assembly reaction using the amplified cDNA and the digested plasmid [1-MED-TXT]. Incubate at 50 °C for 1 hour [2-MED]. Then, use a silica gel column to purify the reaction [3-MED].
3.6.1. Talent, at the laboratory bench, sets up the Gibson assembly reaction. Any action during this process can be shown here. Have the vessels of amplified cDNA and digested plasmid clearly in view and labeled in the shot. TEXT: See text for details on setting up the reaction; Gibson, D.G. et al. Nature Methods. (2009). MED
3.6.2. Talent transfers the reaction vessel to an incubator at 50 °C. MED
3.6.3. Talent, at the lab bench with the silica gel column, purifies the reaction. Any action during the purification process can be shown here as long as the silica gel column is running. 
3.6.3.a: Added shot: MED. First part of the action.
3.6.3.b: Added shot: MED. Second part of the action.
3.7. After electroporating competent E. coli DH5α cells [1-MED-TXT], pick several white colonies and transfer them to liquid LB medium [2-MED]. Grow the colonies overnight at 37 °C [3-MED].
3.7.1. Talent retrieves the plate of electroporated competent E. coli cells in hand. TEXT: See text for details on electroporating and screening E. coli Editor: Keep this text overlay up for 2.7.1 and 2.7.2
Videographer note: You will find two options: MVI_3406 and MVI_3407. In the first one, talent is looking at the camera when leaving the scene, but maybe the composition is nicer during the action. 
3.7.2. Talent picks a colony and transfers it into a vessel containing liquid LB medium.
3.7.2.a: Added shot:  MED.
3.7.2.b: Added shot:  CU. 
3.7.3. Talent transfers the vessel of inoculated LB medium to an incubator at 37 °C. Close MED.
3.8. Next, use a miniprep kit to purify the plasmids [1-MED], and analyze their sizes by electrophoresis in a 1% agarose gel in TAE buffer [2-MED].
3.8.1. Talent purifies the plasmids using a miniprep kit. Any part of this process can be shown here. CU
3.8.2. Talent, at a lab bench, sets up the electrophoresis to run. Alternatively, any part of the electrophoresis process can be shown here as long as the gel is in the shot clearly. CU. I did not focus the number 60 until the end, because they said me the number was not important at all. 
4. RNA Expression 
4.1. First, co-electroporate the selected E. coli strain with both the pLELVd-BZB-derivative that contains the cDNA corresponding to the RNA of interest, and the plasmid p15LtRnlSm, to co-express the eggplant tRNA ligase [1-MED-TXT].
4.1.1. Talent approaches the lab bench and begins setting up the co-electoporation process. Any part of this process can be shown here, as long as the shot is long enough to cover the lengthy voiceover narration. TEXT: See text for details on electroporating E. coli. CU
Videographer note: ATTENTION: 4.1.1. and 4.2.1. they both appear in the same shot. 
4.2. Transfer SOC liquid medium into the electroporation cuvette to recover the cells [1-MED], and incubate at 37 °C for 1 hour [2-MED]. Then, plate the bacteria on LB solid medium containing 50 µg/mL ampicillin and 34 µg/mL chloramphenicol [3-MED]. Incubate at 37 °C overnight [4-MED].
4.2.1. Talent transfers SOC liquid medium into the electroporation cuvette. CU
4.2.2. Talent transfers the vessel of cells into an incubator at 37 °C. Close MED.
4.2.3. Talent plates the bacterial on an LB solid medium. Make sure this shot is long enough to cover the lengthy voiceover narration. Alternatively, film part of this shot as a CU, showing the plating action on the solid medium.
4.2.3.a: Added shot: MED from the left side.
4.2.3.b: Added shot: CU from the left side.
4.2.3.c: Added shot: CU from the right side.
4.2.3.d: Added shot: MED from the right side. 
4.2.4. Talent transfers the plated cells into an incubator at 37 °C.
4.2.4: Added shot: Should be the “a”. CU
4.2.4.b: Added shot: MED
4.3. The next day, add 250 mL of liquid TB medium – containing 50 µg/mL ampicillin and 34 µg/mL chloramphenicol – to a 1 L baffled Erlenmeyer flask [1-MED]. Retrieve the incubated E. coli [2-MED], and then pick a colony and inoculate the medium in the flask [3-MED].
4.3.1. Talent approaches the laboratory bench, and adds the liquid TB medium to a 1 L baffled Erlenmeyer flask. Make sure the shot is long enough to cover the lengthy voiceover narration. MED
4.3.2. Talent retrieves the plated E. coli from the incubator. MED
4.3.3. Talent picks a colony from the plate, and inoculates the liquid TB medium. MED
4.4. Incubate at 37 °C with vigorous shaking at 180 rpm for 12 to 16 hours before harvesting the bacteria [1-MED].
Videographer note: ATTENTION. In the frame appear called as 4.3.4.
4.4.1. Talent transfers the flask of inoculated TB medium to a shaker in an incubator, and then closes the incubator. Close MED
5. RNA Extraction and Purification
5.1. Pour the harvested E. coli culture into a 250 mL centrifuge bottle [1-MED], and spin down the cells at 14,000 x g for 10 minutes [2-MED]. Discard the supernatant and re-suspend the cells in 30 mL of water [3-MED]. Transfer this suspension to a centrifuge tube [4-MED], and spin down the cells again using the previous conditions [5-MED].
5.1.1. Talent pours the harvested E. coli culture into a 250 mL centrifuge bottle. MED
5.1.2. Talent places the centrifuge bottle into a centrifuge, and then closes the centrifuge lid. MED
5.1.3. Talent re-suspends the cells in water. The supernatant should be discarded before this shot.
5.1.3.: Added shot: Should be called “a”. MED.
5.1.3.b: Added shot:  CU.
5.1.4. Talent transfers the suspension to a centrifuge tube. MED
5.1.5. Talent places the centrifuge tube into a centrifuge, and then closes the centrifuge lid. MED
5.2. Discard the supernatant and add 10 mL of chromatography buffer to the cell pellet [1-MED-TXT]. Vortex to re-suspend the cells in the buffer [2-CU].
5.2.1. Talent adds 10 mL of chromatography buffer to the cell pellet. The supernatant should be removed before this shot. TEXT: See text for buffer composition. MED
5.2.2. Close up of the tube being vortexed to re-suspend the cells. CU
5.3. Add 1 volume of phenol:chloroform and vortex vigorously to break the cells [1-MED]. Then, centrifuge at 12,000 x g for 10 minutes [2-MED].
5.3.1. Talent adds the phenol:chloroform to the bacterial preparation, and vortexes the tube. Close MED
5.3.2. Talent places the tube into a centrifuge, and then closes the centrifuge lid. CU
5.4. Recover the aqueous phase [1-MED]. Add 1 volume of chloroform, and vortex vigorously [2-MED]. Centrifuge at 12,0000 x g for 10 minutes [3-MED].
5.4.1. Talent recovers the aqueous phase. Close MED
5.4.2. Talent adds chloroform to the recovered aqueous phase, and then vortexes the tube. Close MED
5.4.3. Talent places the tube into a centrifuge, and then closes the centrifuge lid. CU
5.5. After this, filter the RNA preparation through a 45 µm syringe filter [1-CU]. Purify the RNA using a 1-mL diethylethanolamine column connected to a liquid chromatography system [2-MED/WIDE]. Adjust the flow rate to 1 mL per minute and equilibrate the column with 10 mL of chromatography buffer [3-MED].
5.5.1. Close up of the RNA preparation being filtered through a syringe filter. Alternatively, film this action as a MED shot. CU
5.5.2. Talent approaches a lab bench where the described chromatographer set up is in place. MED
5.5.3. Talent selects the parameters of the chromatography and equilibrates the column with 10 ml of chromatography buffer. CU
5.6. Then, load the sample and wash the column with 10 mL of chromatography buffer [1-MED]. Elute the RNA with 20 mL of elution buffer, and collect 1 mL aliquots [2-CU-TXT].
5.6.1. Talent loads the sample onto the column, and then starts chromatography. Close MED
5.6.2. Close up of an aliquot being collected. TEXT: See text for buffer composition. CU
5.7. Using two-dimensional polyacrylamide gel electrophoresis, separate the circular RNAs from their linear counterparts [1-MED-TXT].
5.7.1. Talent, at a lab bench, sets up the electrophoresis to run. Alternatively, show any part of the electrophoresis process as long as the gel is in view clearly. TEXT: Daròs, J.A., et al. Scientific Reports. (2018).; Schumacher, J., et al. Analytical Biochemistry. (1983). MED
6. RNA Analysis
6.1. First, prepare a 5% polyacrylamide gel in TBE buffer and containing 8 M urea, as outlined in the text protocol [1-MED].
6.1.1. Talent approaches a lab bench and begins preparing the described gel. Alternatively, any part of the gel preparation process can be shown here. CU
6.2. Mix 20 µL of the RNA preparations with 1 volume of loading buffer [1-MED-TXT]. Incubate at 95 °C in a heating block for 1.5 minutes [2-CU], and then snap cool on ice [3-MED].
6.2.1. Talent mixes the RNA preparations with the loading buffer. TEXT: See text for buffer composition MED
6.2.2. Close up shot of the sample, in the heating block, as it incubates. Alternatively, film a MED shot of the talent placing the sample into the heating block.
6.2.2.: Added shot: Should be called “a”. MED
6.2.2.b: Added shot:  CU
6.2.3. Talent places the sample on ice to snap freeze it. CU
6.3. Load the samples in the polyacrylamide gel, and run the electrophoresis at the appropriate conditions for the gel dimension [1-MED]. After this, stain the gel in 0.5 µg/mL ethidium bromide for 15 minutes.
6.3.1. Talent loads the samples onto the gel. Alternatively, any part of the loading/running process can be shown as long as the gel is in the shot clearly.
6.3.1.: Added shot:  Should be called “a”. CU
6.3.1.b: Added shot:  Super CU
6.3.2. Talent stains the gel in ethidium bromide. CU
6.4. Wash the stained gel with water [1-MED], and then visualize the RNA under UV light [2-MED].
6.4.1. Talent washes the gel with water. MED
6.4.2. Talent uses a UV light to visualize the RNA. MED
Videographer note: ATTENTION: You can use MVI_3465 as roll footage (talent walking through the corridor).

7. Results: Analysis of the Large-Scale Production of Recombinant RNAs
7.1. Electrophoretic analysis of several recombinant plasmids [1-LM] – in which difference cDNAs are inserted – show different migrations when compared to pLELd-BZB [2-LM]. 
7.1.1. LAB MEDIA: Figure 2
7.1.2. LAB MEDIA: Figure 2 – Visually emphasize lanes 3 - 7
7.2. Note that pLELVd-BZB contains the LacZ (pronounce Lack-Z”) marker, which is replaced by the cDNA corresponding to the RNA of interest – so while the migration does depend on the size of the inserted cDNA, the recombinant plasmids will usually migrate faster than the control plasmid [1-LM].
7.2.1. LAB MEDIA: Figure 2 – Visually emphasize lane 2
7.3. Production of the recombinant RNA in co-electroporated bacterial cultures is monitored by breaking the cells and analyzing the RNA by denaturing PAGE. Strong bands can be seen, which correspond to empty ELVd and chimeric ELVd forms, in which different RNAs of interest were inserted [1-LM]. Interestingly, a major fraction of the recombinant RNA is seen as a circular form [2-LM].
7.3.1. LAB MEDIA: Figure 3
7.3.2. LAB MEDIA: Figure 3 – Use the newest version of Figure 3. Visually emphasize the bands indicated by the red arrows in the original Figure 3.
7.4. The circularity of the main fraction is observed by using a combination of two PAGEs, under denaturing conditions at high and low ionic strength [1-LM].
7.4.1. LAB MEDIA: Figure 4 – Use the newest version of Figure 4. Visually emphasize the fraction indicated by the red arrow in the original Figure 4.
7.5. The RNA preparation can be further purified by anion-exchange chromatography [1-LM]. As seen here, the E. coli RNA is efficiently retained at low ionic strength, and subsequently eluted at high ionic strength [2-LM] – with most of the RNA being collected in fractions 2 and 3 [4-LM]
7.5.1. LAB MEDIA: Figure 5
7.5.2. LAB MEDIA: Figure 5 – Visually emphasize the orange line, which represents the conductivity (ionic strength) in the column to the left of the 30 mL mark.
7.5.3. LAB MEDIA: Figure 5 – Shift the visual emphasis to the blue peak directly to the right of the 30 mL mark, which represents the RNA collected in fractions 2 and 3 shortly after the ionic strength is increased.

6.6. Recombinant RNA can be further purified to homogeneity by 2D-electrophoresis.

	6.6.1. LAB MEDIA: Figure 6.

8. Conclusion (said by authors on camera)

8.1. José-Antonio Daròs: This protocol allows the easy production of large amounts of recombinant RNA in Escherichia coli and purification to homogeneity thanks to circularity of the final product [1-INT].
8.1.1. José-Antonio Daròs says the above statement in an interview-style shot, looking slightly off-camera. Videographer note: MED In my opinion, the last statement is the best one.
8.2. José-Antonio Daròs: Remember that the RNA of interest results embedded into a circular RNA scaffold derived from a plant viroid. If you wish to separate both moieties, you need to use standard strategies, such as ribozymes, DNAzymes or RNase H [1-INT].
8.2.1. José-Antonio Daròs says the above statement in an interview-style shot, looking slightly off-camera. CU
8.3. José-Antonio Daròs: The yield of this protocol depends on the particular RNA of interest. Small RNAs are likely to be produced in higher amounts than larger ones [1-INT].
8.3.1. José-Antonio Daròs says the above statement in an interview-style shot, looking slightly off-camera. Videographer note: MED In my opinion, the last statement is the best one.
8.4. José-Antonio Daròs: For large scale expressions, take into consideration that optimum time to harvest bacteria depends on many factors including the E. coli strain, culture medium and growing conditions. We recommend a preliminar time-course assay to find the optimal production window in your particular conditions [1-INT].
8.4.1. José-Antonio Daròs says the above statement in an interview-style shot, looking slightly off-camera. CU
8.5. José-Antonio Daròs: Remember that the recombinant RNAs accumulate in bacterial cell transiently and that they completely disappear at a late growing phase [1-INT].
8.5.1. José-Antonio Daròs says the above statement in an interview-style shot, looking slightly off-camera. Videographer note: MED In my opinion, the last statement is the best one.
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