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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  
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. 
3.1, 3.2, 5.2, 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. 
The most difficult aspect of this procedure is to find a suitable condition in which the translation efficiency of the rare-codon-rich marker gene is significantly lower than that of the corresponding wild-type marker gene. To ensure success, a diluted medium is used to create a nutrient-limited environment, which is able to inhibit the translation of the rare-codon-rich gene while allow the wild-type gene to translate. We have verified that the fivefold diluted LB medium could fulfill this purpose (steps 3.2.2 and 5.2.2), which would ensure the efficiency of the rare-codon based selection or screening system. 
5. Will the filming need to take place in multiple locations? (Y/N)  Y  
If yes, how far apart are the locations? Different rooms on adjacent floors.

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. Yi-Xin Huo: This method provides an efficient alternative to the conventional analogue-based approach in obtaining amino acid overproducers [1].

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

1.2. Xiaoyan Ma: This technique outcompetes the traditional analogue-based method by providing accuracy, sensitivity, and high-throughput simultaneously [1].

1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot 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. Xiaoyan Ma: This method sheds new light on understanding amino acid overproduction strains and the translation of rare codons, and could theoretically be applied to all microorganisms [1].

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

1.4. Ning Wang: This protocol relies mostly on basic molecular experimental operations which are easy to follow, but may require multiple tryouts in order to achieve the suitable selection or screening stringencies [1].

1.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off camera.

1.5. Bo Zheng: A visual demonstration of this technique offers a direct appreciation on the performances of the selection and screening systems in identifying amino acid overproducers [1].

1.5.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off camera.




Section - Protocol
2. Construction of the Plasmids Expressing the Rare-codon-rich Marker Genes
2.1. To begin this procedure, add the vector and the marker fragments, on ice, in a molar ratio of 1-to-1 to 7.5 microliters of assembly mix, to a total volume of 10 microliters [1]. Incubate at 50 degrees Celsius for 1 hour [2].
2.1.1. MED: Talent approaches the work area, and adds the vector and marker fragments together with the assembly mix (on ice).
2.1.2. MED: Talent transfers the samples to an incubator.
2.2. Transform 5 microliters of the assembly product into 50 microliters of component cells [1] at 42 degrees Celsius for 30 seconds [2].
2.2.1. MED: Talent mixes the assembly product and component cells.
2.2.2. MED: Talent places the cells into an incubator.
2.3. Recover the cells in Super optimal broth with catabolite repression medium at 37 degrees Celsius for 1 hour [1-TXT]. Then, plate them on LB agar medium [2], and incubate overnight at 37 degrees Celsius [3].
2.3.1. MED: Talent places the cells, not in SOC, into an incubator. TEXT: SOC: Super optimal broth with catabolite repression.
2.3.2. MED: Talent plates the cells on LB agar medium.
2.3.3. MED: Talent places the plate into an incubator.
2.4. The next day, use a preferred commercial kit to isolate the plasmid [1].
2.4.1. MED: Talent uses a commercial kit to isolate the plasmid. Any action in this process can be filmed for this step.

3. Optimizing the Selection Conditions
3.1. First, transform 50 microliters of the competent cells with 1 microliter of plasmid that carries the wild-type kanR [1]. Transform a second set of the competent cells with the plasmid containing kanR-RC29 with all leucine codons replaced by the rare codon CTA [2]. Plate and incubate the cell culture as outlined in the text protocol [3].
3.1.1. MED: Talent transforms the competent cells with plasmid that carries the wild-type kanR. Any action in this process can be filmed for this step.
3.1.2. MED: Talent transforms the competent cells with plasmid that carries the kanR-RC29 (“can-R-R-C-twenty-nine”) with all leucine codons in the wild-type kanR replaced by the rare codon CTA. Any action in this process can be filmed for this step.
3.1.3. MED: Talent places plates of the cells into an incubator.
3.2. Next, transfer the colonies that harbor the wild-type selection marker gene and the rare-codon-rich derivative individually into 5 milliliters of fivefold diluted LB medium containing kanamycin at a concentration of 50 micrograms per milliliter [1]. Incubate the samples in a shaker at 37 degrees Celsius while shaking at 250 rpm [2].
3.2.1. MED: Talent uses the colonies to inoculate fivefold diluted LB medium containing kanamycin.
3.2.2. MED: Talent places the samples into a shaker incubator.
3.3. Then, transfer 200 microliters of each of the cell cultures into a 96-well plate in triplicate at defined time points [1]. Use a plate reader to measure the OD600 [2].
3.3.1. MED: Talent transfers some of each cell culture into a 96-well plate.
3.3.2. MED: Talent, at a plate reader, reads the OD600. Videographer: Capture a few takes of this shot, as it will be used again.
3.4. Inoculate the stains harboring the kanR-RC29 marker gene in two sets of 5 milliliters of the 0.2x LB medium that contains kanamycin, with or without a supply of L-leucine [1]. Add L-leucine to one of the media to a final concentration of 1 gram per liter [2]. 
3.4.1. MED: Talent inoculates the mentioned stains in 0.2x LB medium.
3.4.2. MED: Talent add L-leucine to the medium.
3.5. Incubate the samples in a shaker at 37 degrees Celsius with shaking at 250 rpm [1], and measure the OD600 for each culture at defined time points [2].
3.5.1. MED: Talent places the samples into a shaker incubator.
3.5.2. Use shot 3.3.2.

4. Optimizing the Screening Conditions
4.1. To begin, transform 50 microliters of the parent strain used for mutagenesis with 1 microliter of plasmid that carries the wild-type gfp or the wild-type ppg [1]. Plate and incubate the cell cultures as outlined in the text protocol [2].
4.1.1. MED: Talent transforms the parent strain with the plasmid that carries one of the mentioned wild-types. Any action in this process can be filmed for this shot.
4.1.2. MED: Talent places the culture plates into an incubator.
4.2. Next, transfer the colonies individually to 5 milliliters of the properly diluted LB medium [1]. Incubate the samples in a shaker at 37 degrees Celsius with shaking at 250 rpm [2].
4.2.1. MED: Talent transfers the colony to a vessel of properly diluted LB medium.
4.2.2. MED: Talent transfers the samples to a shaker incubator.
4.3. For fluorescence markers, transfer 200 microliters of the cell cultures into a 96-well clear-bottomed black plate in triplicate at defined time points [1]. Measure the OD600 and the fluorescence [2], and calculate the fluorescence intensity [3].
4.3.1. MED: Talent transfers some of the cell cultures into a 96-well clear-bottomed black plate.
4.3.2. Use shot 3.3.2.
4.3.3. MED: Show talent calculating the fluorescence intensity on a workstation computer. Alternatively, they can be filmed reviewing previously obtained data.
4.4. For chromogenic markers, measure the color development of the cell cultures [1]. Perform the feeding assay as previously described [2], and measure the fluorescence intensity or the color development at defined time points [3].
4.4.1. MED: Talent measures the color development of the cell cultures.
4.4.2. Use shot 3.4.2.
4.4.3. MED: Talent measures the fluorescence intensity or the color development. 
5. Identification of the Amino Acid Overproducers
5.1. First, transform 50 microliters of the mutant cells with 1 microliter of the plasmid carrying the selection marker kanR-RC29 or the screening markers gfp-RC or ppg-RC [1].
5.1.1. MED: Talent transforms the mutant cells with one of the mentioned plasmids or screening markers. Any action in this process can be filmed for this shot.
5.2. Next, centrifuge the cell cultures 4,000 x g for 5 minutes [1]. For selection, discard the supernatant and add 5 milliliters of 0.2x LB medium containing kanamycin to cells carrying the selection marker [2-TXT]. Incubate the sample overnight in a shaker at 37 degrees Celsius [3].
5.2.1. MED: Talent closes the centrifuge lid, and turns the centrifuge on. Videographer: Capture a few takes of this shot, as it will be used again. Do not show the contents of the tubes, but instead focus on the centrifuge being closed and turned on. This will allow this shot to be used for different parts of the process.
5.2.2. MED: Talent adds 0.2x LB medium containing kanamycin to the samples. The supernatant should be removed prior to this shot. TEXT: Kanamycin: 50 μg/mL.
5.2.3. MED: Talent places the samples into a shaker incubator.
5.3. The next day, plate the overnight culture onto 0.2x LB agar medium containing kanamycin [1-TXT], and incubate at 37 degrees Celsius for 12 hours [2].
5.3.1. MED: Talent plates the cultures onto 0.2x LB agar medium containing kanamycin. TEXT: Kanamycin: 50 μg/mL.
5.3.2. MED: Talent places the plates into an incubator.
5.4. For screening, plate the appropriate number of cells harboring the screening marker onto LB agar medium containing the appropriate antibiotic [1]. Incubate at 37 degrees Celsius for 8 hours [2].
5.4.1. MED: Talent plates the mentioned cells onto agar medium containing the appropriate antibiotic.
5.4.2. MED: Talent places these plates into an incubator.
5.5. After this, inoculate the LB medium containing the appropriate antibiotic with each single colony from the plate [1]. Incubate the samples in a shaker at 37 degrees Celsius while shaking at 250 rpm [2]. 
5.5.1. MED: Talent inoculates LB medium with each single colony from the plate.
5.5.2. MED: Talent places the samples into a shaker incubator.
5.6. Measure the OD600 and the fluorescence [1], and calculate the fluorescence intensity if gfp-RC is used [2]. Measure the color development of the cell cultures if ppg-RC is used [3].
5.6.1. Use shot 3.3.2.
5.6.2. Use shot 4.3.3.
5.6.3. MED: Talent measures the color development of the cell cultures.
5.7. To verify the amino acid productivities of the candidate strains, prepare seed culture by inoculating 5 milliliters of LB medium with each of the candidate strains [1], and let the cells grow overnight in a shaker at 250 rpm and at 37 degrees Celsius [2].
5.7.1. MED: Talent inoculates LB medium with each of the candidate strains.
5.7.2. MED: Talent places the cells into a shaker incubator.
5.8. The next day, harvest the cells from 1 milliliter of the cell culture by centrifuging at 4,000 x g for 2 minutes [1]. Discard the supernatant and re-suspend the pellet with 1 milliliter of sterile water [2].
5.8.1. Use shot 5.2.1.
5.8.2. MED: Talent re-suspends the pellet in sterile water.
5.9. Inoculate 20 milliliter of M9 medium containing 4 percent glucose with 200 microliters of the cell suspension [1] and incubate in a 250-milliliter shaker at 250 rpm and at 37 degrees Celsius for 24 hours [2].
5.9.1. MED: Talent inoculates M9 medium with the cell suspension.
5.9.2. MED: Talent places the cells into a shaker incubator.
5.10. The next day, centrifuge 1 milliliter of the culture medium at 4,000 x g for 5 minutes [1]. Transfer 200 microliters of the supernatant into a clean 1.5 milliliter tube [2]. Prepare L-leucine standard solutions at the concentrations shown here [3-TXT].
5.10.1. Use shot 5.2.1.
5.10.2. MED: Talent transfers some of the supernatant into a clear tube.
5.10.3. MED Talent prepared the standard solutions. Any part of this process can be filmed for this shot. TEXT: L-leucine standards: 0.01 g/L, 0.05 g/L, 0.1 g/L, 0.5 g/L, and 1 g/L.
5.11. In a fume hood, add 100 microliters of 1 millimolar triethylamine and 100 microliters of 1 molar phenyl isothiocyanate to both the supernatant and the standards [1-TXT]. Mix the solutions gently [2], and incubate them at room temperature for 1 hour [3].
5.11.1. MED: Talent, in a fume hood, adds triethylamine and isothiocyanate to the supernatant and the standards. TEXT: Caution: Triethylamine and phenyl isothiocyanate can be harmful.
5.11.2. MED: Talent mixes the solutions gently.
5.11.3. MED: Talent sets the solutions aside on the lab bench to incubate at room temperature.
5.12. Then, add 400 microliters of n-hexane to the same tube [1-TXT] and vortex it for 10 seconds [2]. The lower phase contains the amino acid derivatives and is used for HPLC analysis [3].
5.12.1. MED: Talent adds n-hexane to the same tube. TEXT: Caution: N-hexane can be harmful.
5.12.2. MED: Talent vortexes the tube.
5.12.3. CU: Close up of the tube, showing the phases.
5.13. Filter the lower phase through 0.2 microliter polytetrafluoroethylene membranes [1-TXT].
5.13.1. [bookmark: _GoBack]MED: Talent filters the mobile phases lower phase through polytetrafluoroethylene membranes. TEXT: Volumetric ratio of acetate to acetonitrile = 99.3:0.7; Caution: Acetonitrile can be harmful.
5.14. After this, run 1 microliter of the sample on an ultra-HPLC, equipped with a C18 column, with a flow rate of 0.42 milliliters per minute and a column temperature for 40 degrees Celsius [1-TXT]. Use a diode array detector to detect the targeted amino acids at 254 nanometers [2], and calculate their concentrations by mapping the peak areas under the standard curve [3].
5.14.1. MED: Talent runs some of the sample on an ultra-HPLC as described. Any action in this process can be filmed for this shot. TEXT: See Table 1 for elution program.
5.14.2. MED: Talent uses a diode array detector to detect the targeted amino acids. Alternatively, the talent can be shown reviewing previously obtained data.
5.14.3. MED: Talent maps the peak areas under the standard curve.

Section – Results
6. Results: Identifying Amino Acid Overproducers
6.1. [bookmark: _Hlk6150821]In this study, amino acid overproducers are identified by using rare-codon-rich markers to simultaneously achieve accuracy, sensitivity, and high-throughput [1]. 
6.1.1. LAB MEDIA: Figure 1.
6.2. For the selection system, a sharp decrease in OD600 for strains harboring the rare-codon-rich antibiotic resistance gene should be observed in comparison to the strain harboring the wild-type [1].
6.2.1. LAB MEDIA: Figure 1. Video Editor: Emphasize the data columns in Figure 1A to show that there is a steady decrease from right-to-left (as the number of rare codons in the antibiotic resistance gene increases). Hold this emphasis, or repeat it, for 6.2.2.
6.3. The inhibition of rare codon on protein expressions mostly takes place under starved conditions [1].
6.3.1. LAB MEDIA: Figure 1. Video Editor: Emphasize Figure 1B.
6.4. [bookmark: _Hlk536629306]After extra feeding of the corresponding amino acid, the OD600 for the strain harboring the rare-codon-rich antibiotic resistance gene increases significantly [1].
6.4.1. LAB MEDIA: Figure 1. Video Editor: Emphasize Figure 1C.
6.5. For the screening system, the fluorescence intensity and the number of fluorescent cells are significantly lower for the strain that expresses the fluorescent protein from the rare-codon-rich gene than from the wild-type gene [1].
6.5.1. LAB MEDIA: Figure 1 and Figure 2. Video Editor: Show Figure 1D alongside Figure 2.
6.6. Feeding of the corresponding amino acid will restore protein expressions from the rare-codon-rich genes [1].
6.6.1. LAB MEDIA: Figure 1 and Figure 2. Video Editor: Show Figure 1D alongside Figure 2.
6.7. When using the purple protein, the color developed from the rare-codon-rich ppg is lighter than that from the wild-type gene [1].
6.7.1. LAB MEDIA: Figure 3.
6.8. The undiluted LB medium allow slow expression of the rare-codon-rich ppg without L-leucine feeding [1], and the expressed purple protein becomes visible once the cells are pelleted [2].
6.8.1. LAB MEDIA: Figure 3. Video Editor: Emphasize the row of images labeled “Culture”.
6.8.2. LAB MEDIA: Figure 3. Video Editor: Emphasize the row of images labeled “Pellets”.
6.9. However, this does not conceal the fact that gene expression from the rare-codon-rich ppg is enhanced by feeding of the L-leucine [1].
6.9.1. LAB MEDIA: Figure 3. Video Editor: Emphasize the images under the header “2” in set titled “WT add L-leu (g L-1)” and “RC add L-leu (g L-1)”
6.10. The rare-codon-based strategy could identify overproducers of the targeted amino acids from the mutation library, and these mutants should produce higher amounts of the targeted amino acids than the parent strains [1].
6.10.1. LAB MEDIA: Figure 4.



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

7.1. Ning Wang: When attempting this procedure, it is important to adjust the rare codon frequency to achieve a clear discrimination in the OD or color between cells harboring the wild-type markers and their rare-codon-rich derivatives [1].
7.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off camera.
7.1.2. Use a shot from 4.3 – whichever looks best.
7.2. Bo Zheng: Transcriptome analysis and genome sequencing could be applied to the selected strains to investigate the mechanisms related to amino acid overproductions [1].
7.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off camera.
7.3. Xiaoyan Ma: Using this technique, amino acid overproducers could be efficiently identified, and the analysis of their genetic informations would offer novel insights into the mechanisms behind amino acid overproductions [1].
7.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off camera.
7.4. Bo Zheng: Reagents used for amino acid derivatization could be harmful. Make sure to wear gloves and protective clothing, and perform these steps in a fume hood [1].
7.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off camera.



 2018, Journal of Visualized Experiments	Page 5 of 12
image1.png




