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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N

2. Does your protocol include software usage? Y
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.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
Script steps 2.6, 2.8, 5.2, 5.3, 5.5, 5.6
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.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
Script step 5.2
5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations? 
~50 feet 

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. Ryan Messer: Our protocol yields highly active PCD, free from detectable nuclease, which can be used in any solution where aqueous oxygen is a contaminant [1].
1.1.1. INTERVIEW


1.2. Ryan Messer: The techniques we use are easy to replicate and ensure that no nuclease contaminants are present in the product [1].
1.2.1. INTERVIEW



Section - Protocol
2. Inducing PCD (protocatechuate 3,4 dioxygenase) Expression in E. coli
2.1. To begin, combine 1 microliter of pVP91A-pcaHG (pronounce as P-V-P-nine-one-A P-C-A-H-G) PCD expression plasmid and 20 microliters of commercially available E.coli BL21 (pronounce as E-coli B-L twenty-one) in a tube [1-TXT]. Flick the tube to mix and place the tube on ice for 5 minutes [2].
2.1.1. MED: Talent combines two solutions in a tube. TEXT: pVP91A-pcaHG PCD plasmid: 20 ng/µL; E.coli BL21: >2 x 106 cfu/µg plasmid
2.1.2. CU: Talent flicks the tube and places it on ice.
2.2. To continue the transformation reaction, place the tube in a water bath at 42 degrees Celsius for 30 seconds [1], then on ice for 2 minutes [2]. Add 80 microliters of SOC media, and shake at 225 rpm and 37 degrees Celsius for 1 hour [3-TXT].
2.2.1. MED: Talent places the tube in a water bath, and starts timer.
2.2.2. MED: Talent places the tube on ice and starts timer.
2.2.3. A [Split Shot] MED: Talent adds media into tube. TEXT: See manuscript for details on all media/buffer preparation.
B [Split Shot] Talent places the tube on shaker
2.3. Next, pour the transformation reaction mixture onto an LB ampicillin agar [1], and use a plate spreader to spread the mixture [2]. Cover the plate with a lid, and incubate the plate at 37 degrees Celsius for 16–18 hours [3].
2.3.1. MED: Talent pours the reaction mixture onto agar plate.
2.3.2. CU: Talent spreads the mixture on the agar plate.
2.3.3. A [Split Shot] MED: Talent covers the plate 
B [Split Shot] Talent places the plate in an incubator.
2.4. After that, pick one colony from the plate and inoculate in 50 microliters of LB ampicillin in a 250 milliliter Erlenmeyer flask [1]. Place the flask on a shaker at 225 rpm to incubate at 37 degrees Celsius for 16–18 hours [2]. 
2.4.1. CU: Talent picks one colony and transfers to a flask containing media. Close up of the colony on the plate.
2.4.2. MED: Talent places the flask on a shaker.
2.5. Then, transfer 20 milliliters of the incubated culture to a 4-liter flask filled with 1 liter of LB ampicillin. Shake at 225 rpm at 37 degrees Celsius [1-TXT]. Every hour, draw one milliliter of the culture into a cuvette [2] to measure the optical density at 600 nanometers on a photometer [3].
2.5.1. A [Split Shot] MED: Talent transfers culture into a 4 L flask filled with media.
B [Split Shot] Talent places the 4 L flaks on a shaker. TEXT: 37 °C, 225 rpm
2.5.2. MED: Talent draws culture into a cuvette. Focus on the culture in the 4 L flask. 
2.5.3. CU: Talent adjusts range and measures optical density on a photometer.
2.6. As the culture optical density increases near 0.5, increase the frequency of measurements to every 15 minutes [1] until the OD600 (pronounce as O-D-six hundred) reaches 0.5 [2]. Then, transfer the 4-liter flask to a bin of ice. Swirl the flask in the ice bath to reduce the culture temperature [3].
2.6.1. MED: When the OD600 reaches near 0.5, talent draws culture into a cuvette, and measures OD.
2.6.2. CU: Photometer shows OD at 0.5.
2.6.3. MED: Talent transfers the flask from the shaker to ice and swirls.
2.7. Transfer the 4-liter flask to an incubator at 17 degrees Celsius and 180 rpm [1-TXT]. Continue to monitor the OD600 every 20 minutes [2]. 
2.7.1. MED: Talent transfers flask from ice to a shaker. TEXT: 17 °C, 180 rpm
2.7.2. MED: Talent draws culture into a cuvette. Focus on the culture in the 4 L flask. 
2.8. At 0.7 OD600 [1], add IPTG (pronounce as I-P-T-G) and ammonium iron sulfate hexahydrate stock solutions to reach a final concentration of 0.5 millimolar and 10 milligrams per liter, respectively [2-TXT]. Shake the culture at 180 rpm and 17 degrees Celsius for 18 hours [3].
2.8.1. CU: Photometer shows 0.7.
2.8.2. MED: Talent adds two solutions into the flask. TEXT: 0.25 M IPTG stock solution: isopropyl-beta-D-thiogalactopyranoside; 10 mg/mL Fe(NH4)2(SO4)2 stock solution
2.8.3. MED: Talent puts the flask back into the shaker.
2.9. After incubation, place the culture flask in ice for 2 minutes [1]. Harvest 1 milliliter of the induced cells in a 1.5-milliliter polypropylene microcentrifuge tube for SDS-PAGE (pronounce as S-D-S page) analysis [2].
2.9.1. MED: Talent places the flask in ice and starts timer.
2.9.2. A [Split Shot] MED: Talent draws 1 mL culture into a 1.5 milliliter polypropylene microcentrifuge tube 
B [Split Shot] Talent places it in a microcentrifuge.
2.10. Next, pour the bacterial culture into bottles, 500 milliliters each bottle, for centrifugation [1]. Pellet the culture at 4 degrees Celsius and 3000 times g for 20 minutes [2]. Decant the supernatants [3]. 
2.10.1. CU: Talent transfers culture into bottles.
2.10.2. MED: Talent places bottles into centrifuge, and presses start.
2.10.3. A [Split Shot] MED: Talent takes bottles out of the centrifuge 
B [Split Shot] Talent decants supernatants.
2.11. Pipet to resuspend the pellets each in 12.5 milliliters of cold PBS [1], and combine every two resuspension in a 50-milliliter conical tube [2]. Pellet the cells again as previously [3].
2.11.1. MED: Talent adds PBS into bottles and resuspends. 
2.11.2. MED: Talent transfers two mixture into a tube. Focus on the solution
2.11.3. MED: Talent places tubes into centrifuge, and presses start. 
2.12. Then, discard the supernatants, and use a pipet to add 10 milliliters of lysis buffer in each tube to resuspend the cells [1].
2.12.1. CU: Talent discards supernatants and adds buffer into each tube to resuspend. Focus on the pellet and solution.
3. Nickel Affinity Chromatography Purification of PCD 
3.1. After sonicating the tubes with induced cells, pour the bacterial lysate into a pre-chilled polycarbonate bottle [1]. Centrifuge for 60 minutes at 120,000 times g and 4 degrees Celsius [2], and pour the supernatant to a cold 50 milliliter conical tube [3].
3.1.1. MED: Talent pours lysate into a bottle and places the bottle into a centrifuge rotor.
3.1.2. MED: Talent puts the rotor into a centrifuge and adjusts settings.
3.1.3. CU: Talent shows the bottle with clear yellow supernatant and transfers into a 50 mL tube.
3.2. After preparing FPLC instrument with the nickel-charged resin column, load the sample to the column at 0.15 milliliters per minute [1-TXT]. Wash the column with 20 milliliters of Ni (pronounce as nickel) Buffer at 20 millimolar imidazole [2-TXT]. Retain the wash in a 50 milliliter tube for analysis [3].
3.2.1. MED: Talent loads sample to the column in FPLC.TEXT: FPLC: Fast protein liquid chromatography
3.2.2. SCREEN: Talent operates on the FPLC software for first wash. TEXT: First wash: 92% Ni Buffer A and 8% Ni Buffer B
3.2.3. CU: Shot of the 50-mL tube for retaining the wash.
3.3. Next, wash the column with 15 milliliters of Ni buffer at 125 millimolar imidazole [1-TXT]. Collect the elution in 19 fractions of 0.8 milliliters each [2]. Wash the column again with 15 milliliters of 100% Ni Buffer B [3-TXT] and collect an additional 75 fractions of 0.2 milliliters each [4].
3.3.1. SCREEN: Talent operates on the FPLC software for second wash. TEXT: Second wash: 50% Ni Buffer A and 50% Ni Buffer B
3.3.2. CU: Shot of the 19 collecting tubes for second wash.
3.3.3. SCREEN: Talent operates on the FPLC software for third wash. TEXT: Third wash: 100% Ni Buffer B
3.3.4. CU: Shot of the 75 collecting tubes for third wash.
3.4. Continue with the analysis of the collected fractions on 12% SDS-PAGE gels to confirm presence of PCD [1].
3.4.1. MED: Talent collects the tubes from the FPLC instrument.
4. Nuclease Activity Assay
4.1. First, add 35 microliters of reaction buffer to a 1.5-milliliter polypropylene microcentrifuge tube [1]. In the tube, combine 5 microliters of the peak chromatography fractions and 500 nanograms of 3 kilobase-pair supercoiled plasmid pXba+ (pronounce as p-x-b-a) [2]. Place the tube in a water bath at 37 degrees Celsius for 1 hour [3].
4.1.1. CU: Talent adds buffer in the tube.
4.1.2. MED: Talent adds two solutions into the tube.
4.1.3. MED: Talent places the tube in a water bath.
4.2. After preparing agarose gel according to the manuscript, add 30 microliters of each reaction into wells in the gel [1]. Electrophorese at 10 volts per centimeter at ambient temperature for approximately 1 hour [2]. Now, the Orange G dye has reached the end of the gel [3].
4.2.1. CU: Talent adds solution into agarose gel.
4.2.2. MED: Talent connects electrodes and runs the gel.
4.2.3. MED: Shot of the gel with orange dye at the end of the gel.
4.3. Immediately, use a fluorescent scanner to image the ethidium bromide signal of the gel [1]. With the function of the intensity and image pixel size, determine the pixel volume of the various DNA species, such as supercoiled, linear, and nicked circles [2].
4.3.1. MED: Talent transfers the gel to a fluorescent scanner.
4.3.2. SCREEN: Talent operates in the software to calculate total pixel volume of each lane.
4.4. To determine the percentage of each DNA species, divide the pixel volume of a single DNA species by the total pixel volume for all individual species [1-TXT]. 
4.4.1. SCREEN: Talent determines percentage of each DNA species. TEXT: DNA% = (
4.5. The SDS-PAGE analysis shows the second elution peak contains minimal protein contamination which represents nearly pure PCD heterodimer and minimal to undetectable nuclease activity [1-LM]. Thus, combine these 10 fractions from the second PCD elution in a 5-milliliter conical tube for further analysis [2]. 
4.5.1. Figure 2 – Video editor: highlight the second peak in Figure 2A (fractions 29-38), and highlight the fractions 29-38 in Figure 2BCD.
4.5.2. MED: Talent combines solutions from the second wash. Author comment: This shot was mistakenly called 5.1.2.
5. PCA (Protocatechuic Acid) Oxidation and Nuclease Activity Assays
5.1. After size exclusion chromatography purification of PCD, in a 4 degrees Celsius cold room [1], combine in a microcentrifuge tube appropriate volume of sodium chloride, Tris hydrochloride, magnesium chloride, dithiothreitol, PCA, and supercoiled plasmid pXba+ to make a 5X stock [2].
5.1.1. WIDE: Talent walks into a cold room.
5.1.2. MED: Talent combines several solutions in a 1.5 milliliter polypropylene microcentrifuge tube.
5.2. Place a 96 well flat-bottom plate on ice, and transfer 10 microliters of the combined 5X solution to the wells [1]. Immediately before analysis, add to each well 10 microliters of the individual PCD SEC fractions [2-TXT]. 
5.2.1. MED: Talent places the plate on ice, and transfers solution to wells.
5.2.2. CU: Talent adds the PCD SEC fractions to each well. TEXT: SEC oxidation assay
5.3. Set the plate reader to an internal temperature of 37 degrees Celsius [1], and transfer the 96 well plate to the plate holder. Retract the plate holder into the instrument [2] and measure absorbance at 290 nanometers at 20-second intervals for 1 hour [3].
5.3.1. MED: Talent sets temperature of a plate reader.
5.3.2. MED: Talent places the plate to the plate holder, and insert into the instrument.
5.3.3. SCREEN: Talent adjusts settings on the computer.
5.4. Set the instrument to shake the plate 5 seconds before each reading [1]. After one hour, add 10 microliters of stop solution to each well to terminate the reactions [2]. 
5.4.1. SCREEN: Talent adjusts settings on the computer.
5.4.2. CU: Talent takes out the plate and adds stop solution to each well.
5.5. Perform gel electrophoresis for the PCD SEC fractions [1]. Select fractions with the most PCA oxidation activity indicated by decreased absorbance [2] and no observed nuclease contamination [3].
5.5.1. MED: Talent places the gel under fluorescence scanner to observe.
5.5.2. SCREEN: Talent shows a very low absorbance value.
5.5.3. MED: Talent points to the gel showing no bands indicating no contamination.
5.6. Measure the absorbance at 280 nanometers [1], and calculate the total PCD concentration based on the absorbance and the extinction coefficient [2-TXT]. Store the selected fractions for long-term storage at -80 degrees Celsius [3].
5.6.1. MED: Talent measures absorbance.
5.6.2. MED: Talent does calculation on the paper. TEXT: ε280 = 734,700 M-1cm-1
5.6.3. MED: Talent places the tubes into freezer.
5.7. 

Section – Results
6. Results: Purification of PCD
6.1. In this experiment, it was found that recombinant PCD [1], a heterodimer of hexahistidine tagged pcaH and pcaG [2], was expressed in E. coli [3]. 
6.1.1. Figure 1
6.1.2. Figure 1 – Video editor: emphasize in Figure 1A the blue and green arrows with text “pcaH” and “pcaG”, and the text in Figure 1B.
6.1.3. Figure 1
6.2. The heterodimer was first purified by nickel affinity chromatography [1]. The absorbance is shown in blue [2] and the percent concentration of Ni Buffer B is shown in red [3].
6.2.1. Figure 2
6.2.2. Figure 2 – Video editor: emphasize the blue line.
6.2.3. Figure 2 – Video editor: emphasize the red line.
6.3. The flowthrough shows the soluble bacterial proteins that did not bind to the nickel resin [1]. Some PCD eluted in the presence of 125 millimolar imidazole [2], but the majority of the protein eluted in 250 millimolar imidazole [3].
6.3.1. Figure 2 – Video editor: emphasize figure 2A, and the blue line at Flw Thr.
6.3.2. Figure 2 – Video editor: emphasize figure 2A, and the blue peak at Fractions 5.
6.3.3. Figure 2 – Video editor: emphasize figure 2A, and the blue peak at Fractions 30.
6.4. Representative SDS-PAGE analysis indicates the fractions from the elution step were free of contaminants [1]. Agarose gel of nuclease assay reveals contamination [2] through comparing with a negative control without added protein [3], and a positive control contaminated with a DNA nuclease [4].
6.4.1. Figure 2 – Video editor: emphasize figure 2B.
6.4.2. Figure 2 – Video editor: emphasize figure 2C.
6.4.3. Figure 2 – Video editor: emphasize figure 2C, and the first Control lane.
6.4.4. Figure 2 – Video editor: emphasize figure 2C, and the second PCDa lane.
6.5. Quantitation of the various DNA species observed in the agarose gel nuclease assay shows fractions 29-38 had little nuclease activity [1] which were chosen to be combined, concentrated, and further purified by SEC [2].
6.5.1. Figure 2 – Video editor: emphasize figure 2D, and emphasize 29-38 fractions.
6.5.2. Figure 3
6.6. Data from three representative SEC fractions show that purified PCD reduced the absorbance at 290 nanometers, indicating oxidation of PCA [1].
6.6.1. Figure 4 – Video editor: emphasize the three red, orange, and yellow lines.



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Ryan Messer: Following this procedure, the purified PCD can be used and optimized in the desired oxygen scavenging system. This will determine the exact amount of PCD required for the system [1].
7.1.1. INTERVIEW
7.2. Ryan Messer: This technique has been used to prolonged fluorophore lifetimes in single-molecule microscopy experiments which has allowed for longer periods of data collection [1].
7.2.1. INTERVIEW
7.3. Ryan Messer: The ultracentrifuge used in step 3.2 is hazardous. Be sure that centrifuges are properly balanced prior to spinning. Ethidium bromide is a hazardous reagent. Avoid contact by wearing personal protective equipment and dispose of it appropriately [1].
7.3.1. [bookmark: _GoBack]INTERVIEW
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