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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.)
Steps 2.1, 2.2, 2.5, and 2.6.

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.)
The step 2.5 is the single most difficult aspect of this procedure. We prepare the synthetic system on ice and add the enzymes lastly and the ferrous sulfate second to last.

5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations? Very close and in the same campus


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. Xinyue Zhang: Using this protocol, we can easily produce quite a number of flavonols from flavanones in one pot [1].
1.1.1. INTERVIEW


1.2. Zhiping Zhang: This technique is labor- and time-saving, highly cost-effective, and easy to control. So, it has a huge industrialization potential [1].

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

1.3. Zhiping Zhang: Yes, this method can provide insight into economical production of other secondary metabolites. But it needs some modifications when applied to it [1].
1.3.1. INTERVIEW
 
1.4. Zhiping Zhang: He will usually get nothing or very low yield. My advice is to handle recombinant enzymes on ice and add 10% glycerol to the stock solution of enzymes [1].
1.4.1. INTERVIEW

1.5. Zhiping Zhang: That’s because only through visual demonstration, can a new hand understand the important details and tricks affecting the successful execution of the experiment [1].
1.5.1. INTERVIEW




Section - Protocol
Authors: Please record time codes for screen captures. 
2. Produce a Flavonol from a Flavanone in an in vitro Bienzyme Synthetic System
2.1. First, prepare buffers [1]. Make 2 times synthetic buffer by dissolving appropriate amount of Tris base, sodium ascorbate, alfa-ketoglutaric (pronounce as kē-tō-glü-ˈter-ik) acid into deionized water [2-TXT], and pipet appropriate amount of glycerol to the solution [3].
2.1.1. WIDE: Talent approaches the bench.
2.1.2. MED: Talent dissolves powder into water. TEXT: 2x synthetic buffer: 200 mM Tris-HCl (pH 7.2), 16.4 mM α-ketoglutaric acid, 0.8% sodium ascorbate, and 20% glycerol Video editor: Keep the text until 2.1.3. 
2.1.3. CU: Talent adds another solution into the prepared solution.
2.2. Use a pipet to add hydrochloric acid to adjust pH to 7.2, and adjust volume by adding deionized water [1]. Store the 2 times synthetic buffer at 4 degrees Celsius for future use [2].
2.2.1. MED: Talent adds acid to adjust pH and adds water.
2.2.2. MED: Talent places the 2x synthetic buffer into refrigerator.
2.3. Then, make a 100 times stock solution by dissolving ferrous sulfate heptahydrate in deionized water [1-TXT]. Make a stock solution of 25 millimolar flavonoid by dissolving flavonoid in methanol, and store the solution at -20 degrees Celsius [2-TXT].
2.3.1. MED: Talent dissolves powder into water. TEXT: 100x stock solution: 2 mM ferrous sulfate
2.3.2. MED: Talent dissolves powder into methanol, and places the container in freezer. TEXT: 25 mM flavonoid
2.4. Zhiping Zhang: The most critical step is to set up a synthetic system [1].

2.4.1. INTERVIEW
2.5. To set up a synthetic system [1-LM] to produce a flavonol [2-LM] from a flavanone [3-LM], first prepare the synthetic system in a 2-milliliter tube according to the reagents listed in this table [4-LM]. Place the open tube in a shaking heat block at 40 degrees Celsius at 600 rpm for 40 minutes [5].
2.5.1. Figure 1
2.5.2. Figure 1 - Video editor: emphasize FLS1 on the figure, and put TEXT: flavonol synthase 1 next to it.
2.5.3. Figure 1 - Video editor: emphasize F3H on the figure, and put TEXT: flavanone 3-hydroxylase next to it.
2.5.4. Table 6
2.5.5. MED: Talent puts the open tube into a heat block.
2.6. After that, terminate the reaction by adding 10 microliters of acetic acid and 100 microliters of ethyl acetate [1].
2.6.1. CU: Talent retrieves the tube from the heat block and adds in two solutions.
2.7. Two hours later, use a pipet to transfer the top organic phase to a 1.5 milliliter tube [1], and place the tube in a vacuum freeze-drying systemhood for air drying at room temperature [2].
2.7.1. CU: Talent transfers top phases to another tube. Video editor: Show a timer counting to 02:00:00.
2.7.2. MED: Talent places the tube in vacuum system a hood.
3. Thin Layer Chromatography (TLC) Analysis
3.1. To perform TLC analysis, first retrieve the tubes from vacuum freeze-drying system [1], and redissolve the flavonoid powder in 100 160 microliters of methanol in a tube [2].
3.1.1. WIDE: Talent take the tubes out of the vacuum systemhood.
3.1.2. CU: Talent dissolves powder into methanol.
3.2. Prepare authentic flavonoid samples with serial concentrations by diluting the 25 millimolar flavonoid stock solution in methanol [1-TXT]. Mix 1 microliter of the redissolved reaction sample and 1 microliter of the authentic flavonoid sample in a tube [2] and load onto a polyamide plate [3].
3.2.1. MED: Talent prepares solution by diluting. TEXT: 12.5, 25, 50, 100, and 200 ng/ μL
3.2.2. CU: Talent adds two solutions to one tube.
3.2.3. CU: Talent loads solution onto a polyamide plate.
3.3. Do the same for the other concentrations of authentic flavonoid on the same plate [1]. Then in a fume hood, put the sample-loaded plate in a chromatography cylinder filled with a solvent system, attach the plate to the bottom of the cylinder [2-TXT] and run the plate in the solvent system for 20 minutes [3].
3.3.1. CU: Talent loads another solution onto the plate.
3.3.2. MED: Talent shows the plate with 6 loaded samples, and places the plates to the bottom of a cylinder. TEXT: chloroform/methanol/ethyl acetate/formic acid at a ratio of 5.0:1.5:1.0:0.5
3.3.3. MED: Shot of the plate in the cylinder 
3.4. Air dry the plates at room temperature [1]. With a sprayer bottle, spray the plates with 1% ethanolic solution of aluminum chloride, followed by air drying again at room temperature for 30 minutes [2].
3.4.1. MED: Talent takes out the plates and places them on a surface.
3.4.2. CU: Talent sprays the plates. After spraying, shot of the plates on a surface drying.
3.5. Visualize the spots on the plates under a UV light at 254 nanometers [1] and take images [2]. Then, on the computer, open the software ImageJ [3-TXT]. Click File, Open, to open the image to be analyzed [4].
3.5.1. MED: Talent puts the plates under UV light.
3.5.2. MED: Talent takes images. With the plates in view.
3.5.3. MED: Talent operates on the computer. TEXT: ImageJ v1.51j8
3.5.4. SCREEN: Talent opens an image.
3.6. Click the left most Rectangular Selection Tool in the ImageJ User Interface [1]. Outline the ROI (pronounce as R-O-I) in the image with the mouse [2-TXT] and press one to label the first ROI [3].
3.6.1. SCREEN: Talent clicks section tool.
3.6.2. SCREEN: Talent outlines in the image. TEXT: ROI: region of interest
3.6.3. MED: Talent presses one. Focus on the hand.
3.7. Move the rectangular selection with the mouse right to the next ROI and press two to label the second ROI [1]. Repeat to label all other ROIs by pressing two [2]. Press three to generate profile plots for all ROIs in a pop-up window [3].
3.7.1. SCREEN: Talent labels the second ROI.
3.7.2. SCREEN: Talent labels other ROIs.
3.7.3. SCREEN: Talent generates plots.
3.8. [bookmark: OLE_LINK9]Then, use the Straight Line Selection Tool to draw base lines so as to define a closed area for each peak of interest [1]. Activate the Wand Tool by clicking the corresponding icon in the ImageJ User Interface. Double click inside the peak to display results for all peaks in a pop-up window [2].
3.8.1. SCREEN: Talent draws base lines.
3.8.2. SCREEN: Talent activates the Want Tool and clicks the peak to display a pop-up window.
3.9. Next, in excel, plot the gray values from the pop-up window against the corresponding flavonoid concentrations to make a TLC-based standard curve of the authentic flavonoid [1]. Then, calculate the yield of the flavonoid of interest produced in this protocol according to the resulting formula [2].
3.9.1. SCREEN: Talent plots curve in excel.
3.9.2. SCREEN: Talent points to the formula, and calculates the yields.
4. High Performance Liquid Chromatography (HPLC) and Liquid Chromatography/Mass Spectrometry (LC/MS) Analyses
4.1. To begin, extract 5 tubes of the flavonoid samples from the vacuum freeze-drying system and redissolve the powder in 160 microliters of methanol [1]. Prepare authentic flavonoid samples with serial concentrations in methanol [2-TXT].
4.1.1. MED: Talent takes out 5 tubes and dissolves the powder in methanol.
4.1.2. MED: Talent prepares solution by diluting. TEXT: 20, 40, 60, 80, and 100 ng/μL 
4.2. Use a syringe to process each sample sequentially through 0.45 micrometer and 0.22 micrometer filters [1-TXT]. Load the samples into a HPLC/MS system through suction nozzle [2] and separate the samples at 30 degrees Celsius using a C18 column [3-TXT].
4.2.1. MED: Talent filters solutions. TEXT: 0.45 μm and 0.22 μm
4.2.2. CU: Talent loads samples into HPLC/MS.
4.2.3. CU: Talent adjusts the column setting on HPLC/MS. TEXT: C18 column: 4.6 × 150 mm; i.d., 5 μm
4.3. Elute the column at 1 milliliter per minute by a gradient of 10 to 85 volume percent acetonitrile in water [1-TXT] and monitor the absorbance of the eluate from 200 to 800 nanometers [2].
4.3.1. CU: Talent adjusts the elute setting on HPLC/MS. TEXT: 0 - 10 min, 10 - 25% ACN; 10 - 35 min, 25 - 50% ACN; 35 - 45 min, 50 - 85% ACN; 45 - 50 min, 85 - 10% ACN; 50 - 60 min, 10% CAN
4.3.2. CU: Talent adjusts the absorbance setting on HPLC/MS.
4.4. Perform the LC/MS analysis in a negative ion mode with a drying nitrogen flow of 10 liters per minute at 300 degrees Celsius and a sheath gas flow of 7 liters per minute at 250 degrees Celsius [1] and collect data using a built-in software [2].
4.4.1. CU: Talent adjusts the ion mode settings on HPLC/MS.
SCREEN: The software collects data.
4.5. To extract single wavelength chromatographs, open the Qualitative Analysis program and click File, Open Data File. Select the file to be analyzed in the Open Data File window and click Open to open the file [1].
4.5.1. SCREEN: Talent opens file.
4.6. [bookmark: OLE_LINK3]Right-click the mouse in the Chromatogram Results window and then the Extract Chromatograms in a pop-up menu. Open the Extract Chromatograms dialog box. In the Type list, click on Other Chromatograms [1]. 
4.6.1. SCREEN: Talent opens extract chromatograms dialog box, and clicks in the Type list.
4.7. In the Detector combo box, select DAD1 (pronounce as D-A-D-one). Then click OK to display the HPLC results in the Chromatogram Results window [1]. Click the Manual Integration icon docked at the top of the Chromatogram Results window [2]. 
4.7.1. SCREEN: Talent selects DAD1 and clicks OK.
4.7.2. SCREEN: Talent clicks on the icon.
4.8. Draw a base line for the peak required for manual integration analysis with the mouse [1]. Click View, Integration Peak List, to display the results [2].
4.8.1. SCREEN: Talent draws a baseline.
4.8.2. SCREEN: Talent displays the results.
4.9. Copy the results of the peak areas to excel, and plot a HPLC-based standard curve of the authentic flavonoid against the corresponding flavonoid concentrations [1]. Then, calculate the yield of the flavonoid of interest produced in this protocol according to the resulting formula [2].
4.9.1. SCREEN: Talent plots a standard curve.
4.9.2. SCREEN: Talent calculates the yield.
4.10. Then, repeat the same procedures to extract single wavelength chromatographs to analyze the MS data for the exact mass of flavonoid compounds [1]. Click the Range Select icon on the Chromatogram Results toolbar [2].
4.10.1. SCREEN: Talent displays the MS results in the Chromatogram Results window.
4.10.2. SCREEN: Talent clicks Range Select icon.
4.11. Select the peak of interest. Right-click the mouse in the selected range and click the Extract MS Spectrum in the pop-up menu to display the results in the MS Spectrum Results window [1].
4.11.1. SCREEN: Talent selects peak of interest, and clicks Extract MS Spectrum in the pop-up menu.


Section – Results
5. Results: Conversion of Flavanone into Flavonol
5.1. To determine whether this in vitro system can be used for the conversion of a flavanone into a flavonol, NRN was added into the system [1-TXT]. There were two new spots emerged on a polyamide TLC plate [2]. One spot showed a migration distance similar to that of DHK [3-TXT], and the other similar to that of KMF [4-TXT].
5.1.1. Figure 3 TEXT: NRN: naringenin
5.1.2. Figure 3 – video editor: emphasize Figure 3A, column 4 bottom two spots. 
5.1.3. Figure 3 – video editor: emphasize Figure 3A, and emphasize horizontally DHK. TEXT: DHK: dihydrokaempferol
5.1.4. Figure 3 – video editor: emphasize Figure 3A, and emphasize horizontally KMF. TEXT: KMF: kaempferol
5.2. Further analysis by HPLC and LC/MS demonstrated that the new chemicals showed a retention time of 12 minutes and 20 minutes, respectively [1], and a quasi-molecular ion peak m over z at 287 [2] and 285 [3], which were identical to those of DHK and KMF [4]. 
5.2.1. Figure 3 – video editor: emphasize Figure 3B&C, and emphasize the bottom profile in Figure 3B.
5.2.2. Figure 3 – video editor: emphasize Figure 3B&C, and emphasize the middle profile in Figure 3C.
5.2.3. Figure 3 – video editor: emphasize Figure 3B&C, and emphasize the bottom profile in Figure 3C.
5.2.4. Figure 3 – video editor: emphasize Figure 3B&C.
5.3. To determine whether this system can be used for the conversion of other flavanones into their corresponding flavonols, ERD was added into the system [1]. Two new spots on a polyamide TLC plate displayed a migration distance [2] similar to that of DHQ and QRC, respectively [3-TXT].
5.3.1. Figure 4 TEXT: ERD: eriodictyol
5.3.2. Figure 4 – video editor: emphasize Figure 4A, emphasize column 4 bottom two spots. 
5.3.3. Figure 4 – video editor: emphasize Figure 4A, and emphasize horizontally DHQ and QRC. TEXT: DHQ: dihydroquercetin; QRC: quercetin
5.4. HPLC and LC/MS analyses demonstrated that these new chemicals revealed a retention time of 10 minutes and 16 minutes, respectively [1] and a quasi-molecular ion peak m over z at 303 [2] and 301[3], which exactly corresponded to those of DHQ and QRC [4].
5.4.1. Figure 4 – video editor: emphasize Figure 4B&C, and emphasize the bottom profile in Figure 4B.
5.4.2. Figure 4 – video editor: emphasize Figure 4B&C, and emphasize the middle profile in Figure 4C.
5.4.3. Figure 4 – video editor: emphasize Figure 4B&C, and emphasize the bottom profile in Figure 4C.
5.4.4. Figure 4 – video editor: emphasize Figure 4B&C.



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Zhiping Zhang: When preparing the synthetic system, we should add the enzyme lastly and add the ferrous sulfate second to last [1].
6.1.1. INTERVIEW
6.2. Xinyue Zhang: Yes, it provides a guide for the economical production of other secondary metabolites [1].
6.2.1. INTERVIEW
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