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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) N 
2. Does your protocol include software usage? (Y/N) 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.
2.4 (careful vortexing during resuspension), 3.3 (sonication), 3.5/3.7 (centrifugation steps), 4.3 CFPS rxn, 5.3 (loading samples into 96well plate/fluorometer)
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.)
3.3 sonication step. Holding the tube steady so the probe doesn’t hit the bottom/sides of the tube and keeping it submerged in ice
5. Will the filming need to take place in multiple locations? (Y/N)
If yes, how far apart are the locations? 
Yes. adjacent labs, no more than 50ft away. Conference room 40ft away can be used for questions/headshots


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. Nicole Gregorio Javin Oza: This protocol simplifies and clarifies the methods for implementation of cell-free protein synthesis by non-experts. Improved access to these methods will help democratize the platform and the broad set of applications it enables [1].

1.1.1. INTERVIEW: Name author says the above while looking slightly off-camera.


1.2. Max Levine: The main advantages of this technique are the speed, cost-effectiveness, and the ease of reaction setup compared to other cell-free protein synthesis platforms [1].

1.2.1. INTERVIEW: Name author says the above while looking slightly off-camera.


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

1.3. Max Levine: Our platform can enable a number of applications including functional genomics, high-throughput testing, biosensors, educational kits, and with minor modifications, metabolic engineering and genetic code expansion [1].

1.3.1. INTERVIEW: Name author says the above while looking slightly off-camera.

1.4. Nicole Gregorio: While this technique only requires basic laboratory training, new users should plan to familiarize themselves with techniques like sonication for successful execution of the protocol [1].

1.4.1. INTERVIEW: Name author says the above while looking slightly off-camera.




Section - Protocol
2. Cell Growth
2.1. To begin this procedure, prepare all media and culture E. coli cells as outlined in the text protocol [1]. Place a 1 liter centrifuge bottle into an ice-water bath [2]. Once the culture’s OD600 reaches 3.0, pour the cell culture into the chilled bottle [3].
2.1.1. MED: Establishing shot of the talent approaching the lab bench and beginning to prepare the media. Alternatively, the talent can be shown culturing the cells. Any action from these processes can be filmed for this shot. (Author Comment: The inoculation of the 1 L culture from the overnight culture was filmed for this shot)
2.1.2. MED: Talent places a 1 L centrifuge bottle into a water bath.
2.1.3. MED: Talent pours the culture into the 1 L centrifuge bottle.
2.2. Using a double beam balance, add water to a second 1 liter centrifuge bottle until it weighs the same as the first to create a balance for the centrifuge [1]. Centrifuge the bottles at 5,000 x g and at 10 degrees Celsius for 10 minutes to pellet the cells [2].
2.2.1. MED: Talent adds water to another 1 L centrifuge bottle.
2.2.2. MED: Talent loads the bottles into the centrifuge, closes the centrifuge 
2.3. After this, slowly pour off and dispose of the supernatant [1]. Place the cell pellet on ice [2]. Using a sterile spatula, scrape the cell pellet out of the centrifuge bottle and transfer it to a cold 50 milliliter conical tube [3].
2.3.1. MED: Talent slowly pours off the supernatant from the bottle.
2.3.2. MED: Talent places the 1 L centrifuge bottle – containing the pellet – on ice.
2.3.3. MED: Talent uses a spatula to scrape the cell pellet out of the bottle and transfer it to a cold 50 mL conical tube.
2.4. Add 30 milliliters of cold S30 (“S-thirty”) buffer supplemented with 2 millimolar DTT and re-suspend the pellet by vortexing in short bursts – with rest periods on ice [1-TXT] – until the pellet is fully re-suspended with no chunks [2].
2.4.1. MED: Talent adds S30 buffer to the conical flask, and begins vortexing the pellet. TEXT: Vortex short bursts: 20 – 30 s; Rest period: 1 min. Video Editor: Keep this text overlay up for all of 2.4
2.4.2. CU: Close up of the pellet, showing that it is fully re-suspended with no chunks.
2.5. After this, use another 50 milliliter conical tube filled with water as a balance to centrifuge the sample at 5,000 x g and at 10 degrees Celsius for 10 minutes [1]. Pour off and dispose the supernatant [2].
2.5.1. MED: Talent loads the tubes into the centrifuge, closes the centrifuge lid, and then turns the centrifuge on.
2.5.2. MED: Talent pours off the supernatant from the conical tube.
2.6. Re-suspend the pellet with 20 – 25 milliliters of cold S30 buffer [1]. Centrifuge at 5,000 x g and at 10 degrees Celsius for 10 minutes [2].
2.6.1. MED: Talent adds S30 buffer to the conical tube to re-suspend the pellet.
2.6.2. MED: Talent places the tube into the centrifuge and closes the centrifuge lid. Use 2.5.1
2.7. Pour out and dispose of the supernatant [1]. Then, add 30 milliliters of S30 buffer and re-suspend the pellet using a vortex as previously described [2].
2.7.1. MED: Talent pours off the supernatant from the conical tube. Use 2.5.2
2.7.2. MED: Talent adds S30 buffer to the conical tube and begins vortexing it.
2.8. Set out 3 pre-weighed, cold 50 milliliter conical tubes [1]. Using a serological pipette filler with a sterile pipette, aliquot 10 milliliters of the pellet suspension into each tube [2].
2.8.1. MED: Talent sets out 3 cold 50 mL conical tubes.
2.8.2. MED: Talent aliquots the pellet suspension into each tube.
2.9. Centrifuge all of the tubes, using appropriate balances as needed, at 5,000 x g and at 10 degrees Celsius for 10 minutes [1].
2.9.1. MED: Talent loads the tubes into a centrifuge, closes the centrifuge lid, and turns on the centrifuge.
2.10. After this, pour out and dispose of the supernatants [1]. Carefully wipe the inside of each tube and cap with a clean tissue to remove the excess buffer – while making sure to avoid touching the pellet [2].
2.10.1. MED: Talent pours out the supernatant from one of the tubes.
2.10.2. CU: Close up as the talent wipes the inside of the tube and cap with a clean tissue.
2.11. Using an analytical balance, reweigh the tubes and record the final pellet weight for each tube [1].
2.11.1. MED: Talent uses an analytical balance to weigh the tubes.

3. Second Section of Protocol 
Videographer: Each step in this section takes place on ice. Make sure that is visible and clear in every shot.
3.1. To begin, add 1 milliliter of cold S30 buffer with 2 millimolar DTT per 1 gram of cell mass to each pellet [1-TXT]. Use a vortex to re-suspend the pellets as previously described [2-TXT].
3.1.1. MED: Talent adds cold S30 buffer to each pellet. TEXT: Keep cells on ice during extract preparation; DTT: Dithiothreitol.
3.1.2. MED: Talent vortexes the tubes. TEXT: See text for details if re-suspension is difficult.
3.2. Then, transfer 1.4 milliliters of each re-suspended pellet into separate 1.5 milliliter microcentrifuge tubes [1]. Place one tube into an ice-water bath in a beaker, and position the sonicator probe such that it does not touch the bottoms or sides of the tube [2].
3.2.1. MED: Talent transfers the re-suspended pellets to new tubes.
3.2.2. MED: Talent places one tube into a beaker that contains an ice-water water and positions the sonicator probe.
3.3. Sonicate the tube with the amplitude set at 50 percent for 45 seconds, followed by 59 seconds of rest [1-TXT] – making sure to close and invert the tubes during the off periods [2].
3.3.1. CU: Talent sonicates the tube as described. TEXT: Repeat sonication cycle 3x. Video Editor: Keep this text overlay up for all of 3.3
3.3.2. MED: Talent closes the tube, and the inverts it.
3.4. Immediately after sonication is complete, add 4.5 microliters of 1 molar DTT into the lysate [1]. Invert the tube several times to mix, and then place it on ice [2]. Repeat this process – sonicating and adding DTT – for each tube of re-suspended cells [3].
3.4.1. MED: Talent adds DDT to the tube.
3.4.2. MED: Talent inverts the tube a few times, and then places it on ice.
3.4.3. MED: Talent sonicates a different tube. Alternatively, any action in this sonication process can be filmed for this shot.
3.5. Centrifuge the samples at 18,000 x g and at 4 degrees Celsius for 10 minutes [1]. After this, pipette each supernatant into a new 1.5 milliliter microcentrifuge tube [2] – leaving some supernatant behind to ensure the pellet is not disturbed [3].
3.5.1. MED: Talent loads the tubes into a centrifuge, closes the centrifuge lid, and turns on the centrifuge.
3.5.2. MED: Talent transfers each supernatant to a new tube.
3.5.3. CU: Close up of a tube as the talent transfers it, showing that some supernatant is left behind.
3.6. Tape the tubes to the shaking platform of an incubator [1], and incubate them at 37 degrees Celsius with shaking at 250 rpm for 60 minutes [2].
3.6.1. CU: Close up as the talent tapes the tubes to the shaking platform.
3.6.2. MED: Talent finishes taping the tubes, closes the incubator, and then sets a timer for 60 minutes. Alternatively, just show the talent closing the incubator and starting the timer  (Author Comment: timer not shown)
3.7. Then, centrifuge the samples at 10,000 x g and at 4 degrees Celsius for 10 minutes [1]. Remove each supernatant without disturbing the pellet, transferring them to new tubes [2]. Create many 100 microliter aliquots of the extract for storage [3].
3.7.1. MED: Talent loads the tubes into a centrifuge, closes the centrifuge lid, and turns on the centrifuge.
3.7.2. MED: Talent transfers the supernatants from the old tubes to new tubes.
3.7.3. MED: Talent, at the lab bench, creates several aliquots.

4. Cell-Free Protein Synthesis Batch Format Reactions
4.1. First, thaw Solution A, Solution B, the DNA template, the BL21*(DE3) extract, T7RNAP, and an aliquot of molecular grade water on ice [1].
4.1.1. CU: Close up pan over these reagents/solutions as they thaw. Make sure each vessel is clearly labeled. Videographer: Also film a MED establishing shot of the talent placing the tubes out to thaw.
4.2. Next, label the necessary amount of microcentrifuge tubes needed for the CFPS reaction [1-TXT]. [2-TXT].
4.2.1. MED: Talent labels the microcentrifuge tubes. TEXT: CFPS: Cell-Free Protein Synthesis; See text for reaction template.
4.2.2. MED: Talent mixes the reagents. TEXT: Solution A: 2.2 µL; Solution B: 2.1 µL, BL21*(DE3) extract: 5 µL; T7RNAP: 0.24 µg; DNA Template: 0.25 ng. Videographer: Make sure there is enough room in this shot for a large/tall text overlay. (Author Comment: shot not taken – moved to 4.3.1)
4.3. Mix each reagent by pipetting or vortexing, then add the solution to the labeled reaction tube – making sure to not vortex the cell extract, but instead invert the tube to mix [1-TXT]. Ensure that the final reaction mixture is combined into a single 15 microliter bead at the bottom of each tube [2]. Incubate each reaction without shaking at 37 degrees Celsius for 4 hours or at 30 degrees Celsius overnight [3].
4.3.1. MED: Talent mixes one of the tubes, pipetted out the corresponding amount and added it to the reaction tube Either mixing method can be used in this shot. TEXT: Solution A: 2.2 µL; Solution B: 2.1 µL, BL21*(DE3) extract: 5 µL; T7RNAP: 0.24 µg; DNA Template: 0.25 ng.
4.3.2. CU: Close up of the tube showing the bead at the bottom.
4.3.3. MED: Talent places the tubes into an incubator.
5. Quantification of the Reporter Protein, [sfGFP]
5.1. To begin, obtain a 96-well plate [1] and load 48 microliters of 0.05 molar HEPES at pH 8 into each well needed for quantification [2]. 
5.1.1. MED: Talent sets a 96-well plate down onto the lab bench.
5.1.2. MED: Talent loads HEPES into the wells of the 96-well plate.
5.2. Next, remove the reaction tubes from the incubator [1]. Mix each reaction by pipetting up and down [2], and transfer 2 microliters of each reaction into the wells containing HEPES [3]. Mix each well by pipetting up and down [4].
5.2.1. MED: Talent removes the reaction tubes from the incubator.
5.2.2. CU: Close up as the talent pipettes up and down to mix the reaction.
5.2.3. MED: Talent transfers some of the reaction mixture from a tube into a well in the 96-well plate.
5.2.4. CU: Close up as the talent pipettes up and down to mix the reaction/HEPES.
5.3. After all reactions are loaded and mixed, load the plate into a fluorometer [1] and measure the sfGFP (pronounce: superfolder G-F-P) endpoint fluorescence using an excitation wavelength of 485 nanometers and an emission wavelength of 510 nanometers [2].
5.3.1. WIDE/MED: Talent approaches the fluorometer with the 96-well plate in hand, and loads the plate into it.
5.3.2. MED: Talent, at the fluorometer, measures the superfolder GFP (“G-F-P”) endpoint fluorescence. Alternatively, talent may be filmed at a workstation computer reviewing previously obtained data with a colleague
5.4. Use a previously generated standard curve to determine the concentration of superfolder GFP from the obtained fluorescence reaching [1-TXT].
5.4.1. MED-over the shoulder: Talent, at the workstation computer, uses a previously generated standard curve to determine the concentration of sfGFP. TEXT: See text for details on generating the standard curve.
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6. Results: Analysis of the Cell-Free Protein Synthesis Reaction
6.1. In this study, a sonication-based E. coli extract preparation is investigated [1]. Cell pellets and cell extract are stable at -80 degrees Celsius for at least a year. Additionally, the cell extract can undergo at least five freeze thaw cycles without a significant loss of productivity [2].
6.1.1. LAB MEDIA: Figure 4.
6.1.2. LAB MEDIA: Figure 4. Video Editor: Emphasize the 5 data columns – which each represent a freeze/thaw cycle – during “…at least five freeze thaw cycles without a significant loss of productivity.”
6.2. Some steps within this protocol can be varied without detriment to the overall productivity of the system [1]. Most notably, cells can be harvested [2] within the range of 2.7 to 4.0 optical density at 600 nanometers without the final optical density at 600 nanometers does nota significant affect on the cell extract productivity [3].
6.2.1. LAB MEDIA: Figure 2
6.2.2. LAB MEDIA: Figure 2. Video Editor: Zoom in on Figure 2A.
6.2.3. LAB MEDIA: Figure 2. Video Editor: Still zoomed in on Figure 2A. Emphasize all of the data columns (which range from 2.7 – 4.0) to show that there is no significant difference between them.
6.3. However, template DNA quality is a source of batch-to-batch variability that impacts volumetric yields of the CFPS reaction [1]. This is resolved by purifying the DNA via a midi or maxi prep, followed by an additional DNA cleanup step [2]. 
6.3.1. LAB MEDIA: Figure 2. Video Editor: Switch the focus/zoom to Figure 2B.
6.3.2. LAB MEDIA: Figure 2. Video Editor: Still zoomed in on Figure 2B. Emphasize the two dark grey data columns, which represent “maxiprep + DNA Cleanup”. Hold this emphasis for 6.3.3.
6.4. The reaction vessel also impacts volumetric yields of the CFPS reaction [1]. An increase in surface area-to-volume ratio results in higher volumetric yields [2].
6.4.1. LAB MEDIA: Figure 2. Video Editor: Switch the focus/zoom to Figure 2C.
6.4.2. LAB MEDIA: Figure 2. Still zoomed in on Figure 2C. Hold on the image for the voiceover narration.
6.5. To optimize volumetric yields of the CFPS reaction and to reduce cell extract batch-to-batch variability, a magnesium titration should be performed for each new extract preparation [1]. For cell extracts comprised of 30 milligrams per milliliter total protein, the optimal magnesium concentration is 10 millimolar [2].
6.5.1. LAB MEDIA: Figure 5
6.5.2. LAB MEDIA: Figure 5. Video Editor: Emphasize the spot on the graph at the intersection between 5 µL of Extract Volume (5 on the x-axis) and 10 mM of Mg2+ (the 10 on the y-axis). Perhaps stress each as it is mentioned and draw attention from the axis to the intersection.



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

7.1. Javin Oza Nicole Gregorio: By varying the reaction scale, users can pursue methods ranging from high-throughput screening to larger scale-expression of a target protein [1].
7.1.1. INTERVIEW: Name author says the above while looking slightly off-camera.

7.2. Javin Oza Nicole Gregorio: This technique has provided 2 key advantages. First, it screens protein products more rapidly, and second, it synthesizes difficult to express proteins. Examples include proteins that are cytotoxic or require oxidizing conditions for their function [1].

7.2.1. INTERVIEW: Name author says the above while looking slightly off-camera.

7.3. Max Levine: As with any laboratory procedure, all reagents should be treated with caution. Additionally, centrifuges should always be balanced and ear protection should be used during sonication [1].
7.3.1. INTERVIEW: Name author says the above while looking slightly off-camera.
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