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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) 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.)
4.7, 4.8, 4.9, 4.10

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.)
4.9, 4.10

5. Will the filming need to take place in multiple locations? (Y/N)  N
If yes, how far apart are the locations? 


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. Per Svenningsen: This protocol provides a highly effective bacterial display system for isolation of novel variants of the protein-biotin ligase BirA that allows for specific biotinylation of native proteins [1].
1.1.1. INTERVIEW

1.2. Jeff Granhøj: The main advantage of the technique is that it selects BirA variants using high-affinity streptavidin selection. This ensures that inactive clones are removed, creating a highly efficient selection process [1].
1.2.1. INTERVIEW


Section - Protocol
2. Insertion of Peptide Coding Sequencing Sequence in pBAD BirA-eCPX-AP
2.1. To begin, in a plasmid editor, design the forward primer to include the last 30 nucleotides of the reverse complement of the peptide coding sequence and add the plasmid binding nucleotide sequence to its 5-prime end [1-TXT]. 
2.1.1. [bookmark: _Hlk7165566]SCREEN: Talent shows the forward primer, and points to the added plasmid binding nucleotide sequence. TEXT: 3’-GCGGCCGCCTGC-5’
2.2. [bookmark: _Hlk12272753][bookmark: _Hlk12272770]Design the reverse primer to include the first 30 nucleotides of the reverse complement of the peptide coding sequence and add the plasmid binding nucleotide sequence to its 5-prime end [1-TXT]. 
2.2.1. [bookmark: _Hlk7165459]SCREEN: Talent shows the reverse primer, and points to the added plasmid binding nucleotide sequence. TEXT: 3’- CTTAAGTAATGTTTAAACGAATTCGAG-5’
2.3. Then, to set up a 20-microliter PCR reaction, add the reagents [1] in a thin-walled PCR tube [2-LM]. Transfer the tube to a thermal cycler and perform PCR according to the manuscript [3].
2.3.1. CU: Talent adds reagents into a tube.
2.3.2. Table 1
2.3.3. Talent places the tube into a thermal cycler.
2.4. Next, run 5 microliters of the PCR reaction on a 1% agarose gel to confirm the amplification of a 6-kilobase PCR product, and proceed according to the manuscript [1].
2.4.1. Talent adds solution into a gel.
3. Generation of a BirA Library
3.1. [bookmark: _Hlk7169442]Now, to synthesize the mutant megaprimers with BirA-6xHis (pronounce as bir-A-hexahistidine) forward and reverse primers, in a PCR tube, add 1 nanogram of pBAD-BirA-eCPX (pronounce as p-Bad-bir-A-e-C-P-X) with the prepared target peptide sequence as a template [1].
3.1.1. Talent adds powder and solution into a tube.
3.2. Set up 35 PCR cycles with an annealing temperature of 60 degrees Celsius according to the manufacturer’s instruction [1].
3.2.1. Talent places the tube into a thermal cycler, and adjusts settings.
3.3. Then, run 5 microliters of the amplification reaction on a 1% agarose gel to verify the amplification of a 984-base pair PCR product [1]. Purify the PCR product from the remaining 45 microliters of the amplification reaction using a commercial PCR purification kit [2] and use a spectrophotometer to quantitate the DNA yield [3]. 
3.3.1. Talent adds solution into wells of the gel.
3.3.2. Talent operates on the PCR purification kit.
3.3.3. Talent operates on a spectrophotometer.
3.4. In a thin-walled PCR tube, add the reagents and the prepared mutant megaprimers [1] to prepare the sample reaction [2-LM]. Transfer the reaction mixture to a thermal cycler and run the PCR according to the manuscript [3]. Store the amplification reaction at 4 degrees Celsius or on ice [4-TXT].
3.4.1. CU: Talent adds reagents and powder into one tube.
3.4.2. Table 2
3.4.3. Talent places the tube into a thermal cycler.
3.4.4. Talent takes out the tube and places into an ice bucket. TEXT: Amplification Reaction
3.5. Next, add 1 microliter of DpnI (pronounce as D-P-N-one) restriction enzyme directly to the amplification reaction and mix gently [1]. Spin down the reaction mixture [2], and incubate for 2 hours at 37 degrees Celsius [3-TXT].
3.5.1. Talent adds enzyme into a tube containing amplification reaction.
3.5.2. Talent places the tube into a centrifuge.
3.5.3. Talent brings out the tube and places into an incubator. TEXT: Dpnl reaction
3.6. [bookmark: _Hlk7763123]After 2 hours, transform T7 Express lysY/Iq (pronounce as lys-y-i-q) competent E. coli cells in a tube with 2 microliters of the DpnI reaction [1].
3.6.1. Talent adds two solutions into a tube.
4. Selection of Bacteria Expressing Biotinylated Peptide
4.1. First, inoculate 100 milliliters of LB (pronounce as L-B) containing 1% glucose and 100 micrograms per milliliter of ampicillin [1-TXT] with 1 milliliter of BirA (pronounce as Bir-A) library, and incubate overnight at 37 degrees Celsius with shaking at 200 rpm [2].
4.1.1. Talent adds solutions into a tube. TEXT: LB: Lysogenic broth
4.1.2. Talent places onto a shaker in an incubator.
4.2. Then, inoculate 5 milliliters of LB containing 1% glucose and 100 micrograms per milliliter of ampicillin with 100 microliters of the overnight culture with [1]. Incubate for 2 hours and 30 minutes [2], or until the culture reaches an OD600 (pronounce as O-D-six-hundred) of approximately 0.5 [3].
4.2.0 [Split Shot] Talent takes out the tube from the incubator.
4.2.1. Talent transfers 100 microliters into a tube, and adds in another solution.
4.2.2. Talent places the tube into an incubator.
4.2.3. Talent tests OD and shows its reading.
4.3. [bookmark: _Hlk7158341]Next, induce eCPX (pronounce as e-C-P-X and BirA (pronounce as Bir-A) expression with 0.2% weight by volume L-arabinose (pronounce as L-arabinose), 100 micromolar IPTG (pronounce as i-p-t-g) and 100 micromolar biotin [1-TXT]. Shake the culture at 200 rpm for 1 hour at 37 degrees Celsius [2].
4.3.1. Talent adds three solutions into the tube. TEXT: IPTG: Isopropyl β-D-1-thiogalactopyranoside
4.3.2. Talent places the tube onto a shaker
4.4. Centrifuge the culture for 10 minutes at 5,000 times g [1] and remove the supernatant. Resuspend the cells in 1 milliliter of ice-cold PBS [2], and centrifuge at 5,000 times g for 5 minutes [3].
4.4.1. Talent places the tube into a centrifuge. Videographer: Take multiple shots, as this will be used later.
4.4.2. CU: Talent removes supernatant and adds 1 mL buffer.
4.4.3. Use 4.4.1.
4.5. Discard the supernatant and resuspend the cells in 400 microliters of ice-cold PBS [1] and store cells on ice [2]. Then, transfer 10 microliters of the resuspended cells into a 1.5 milliliter tube labeled “Input”. Store on ice [3].
4.5.1. CU: Talent removes supernatant and adds 0.4 mL buffer.
4.5.2. 
4.5.3. Talent transfers solution into another tube, and places on ice.
4.6. Next, wash 20 microliters of streptavidin magnetic beads in 1 milliliter of ice-cold PBS in a tube, and place the tube in a bench top magnetic particle separator for 2 minutes [1], and carefully remove the supernatant [2].
4.6.1. Talent adds beads into a tube with buffer, and places onto a separator.
4.6.2. CU: Talent removes supernatant.
4.7. Resuspend the streptavidin magnetic beads in 20 microliters of ice-cold PBS [1] and transfer the bead solution to the previous prepared 390 microliters of resuspended cells. Mix by gently pipetting [2-TXT]. Then incubate for 30 minutes at 4 degrees Celsius [3].
4.7.1. Talent adds PBS to resuspend.
4.7.2. Talent transfers the bead solution to prepared cell culture, and pipets up and down. TEXT: Do not vortex to avoid lysing the cells. Important Step
4.7.3. Talent places the tube into a refrigerator.
4.8. Place a column with ferromagnetic spheres in a magnetic particle separator and wash with 5 milliliters of ice-cold PBS [1]. Transfer the cells and streptavidin magnetic beads from the tube into the column attached in the separator [2].
4.8.1. Talent places a column in a separator, and adds buffer. 
4.8.2. CU: Talent transfers cells and beads into the column. Important Step
4.9. Once the column reservoir is empty [1], wash the column with a total volume of 5 milliliters of ice-cold PBS, add 500 microliters each time [2]. After that, remove the column from the separator and place it in a 1.5-milliliter tube [3].
4.9.1. Shot of the column empty and the container at the bottom.
4.9.2. Talent adds PBS into the column. Videographer: Take multiple shots, as this will be used later. Important Step
4.9.3. CU: Talent places the column in a tube.
4.10. Pipette 1 milliliter of the ice-cold PBS onto the column, and use the plunger to elute the magnetically labeled cells [1]. Then place the 1.5-milliliter tube into a bench top separator and wash the magnetically labeled cell with 1 milliliter of ice-cold PBS [2].
4.10.1. CU: Talent adds PBS onto the column, and pushes the plunger. Important Step
4.10.2. Talent places the tube into a separator. 
4.10.3. [Split Shot] Talent removes supernatant PBS.
4.11. Gently resuspend the magnetically labeled cells in 1 milliliter of the ice-cold PBS [1]. Transfer 10 microliters of the resuspension into a 1.5-milliliter tube labeled “Output” [2].
4.11.1. Talent adds buffer to resuspend the cells.
4.11.2. Talent transfers resuspension into another tube.
4.12. Inoculate 100 milliliters of LB containing 1% glucose and 100 micrograms per milliliter ampicillin with the magnetically labeled cells with [1], and incubate overnight at 37 degrees Celsius with shaking at 200 rpm [2].
4.12.1. Talent adds solution into the tube.
4.12.2. Talent places the tube into an incubator on a shaker.
4.13. [bookmark: _Hlk7170228]The next day, combine 10 milliliters of the overnight culture in LB with glycerol to a final concentration of 15% [1], and store at -80 degrees Celsius to make freezer stocks [2]. Use 100 microliter of the overnight culture for the next round of selection [3]. 
4.13.1. Talent combines two solutions in a tube.
4.13.2. Talent places the tube in a freezer.
4.13.3. Talent transfers 100 µL into another tube and shows it.
5. Quantification of Enrichment
5.1. [bookmark: _Hlk7005193]Now, add 990 microliters of ice-cold PBS to both the input and output samples [1], and label the tubes “Input 10-2” and “Output 10-2”, respectively [2].
5.1.1. Talent adds solutions into two tubes on ice.
5.1.2. Talent labels the two tubes.
5.2. Make 10-fold serial dilutions of the two samples in ice-cold PBS until a final dilution of 10-10 is reached in the input sample and 10-4 in the output sample [1].
5.2.1. Talent transfers and adds solution into the tubes to perform dilution.
5.3. [bookmark: _Hlk7005288][bookmark: _Hlk11921440]Plate 100 microliters of samples from “Input 10-6”, “Input 10-8”, “Input 10-10”, “Output 10-2”, “Output 10-3” and “Output 10-4” on individual LB/Amp (pronounce as L-B-Ampicillin) plates [1] and incubate overnight at 37 degrees Celsius [2].
5.3.1. Talent adds solution onto plates.
5.3.2. Talent places plates into incubator.
5.4. In the morning, count the number of colonies on the plates with clearly separated colonies [1]. Multiply the colony count with the dilution factor to obtain the bacterial concentration count per 100 microliters [2]. 
5.4.1. CU: Talent counts the colonies. Focus on the plate and colonies.
5.4.2. CU: Talent does calculation on paper.


Section – Results
6. Results: Model Selection with pBAD-BirA-eCPX-AP and pBAD-BirA-eCPX-AP(K10A)
6.1. In this protocol, after generation of a randomly mutated library of BirA (pronounce as Bir-A) variants [1], BirA and eCPX-AP (pronounce as e-C-P-X-A-P) expression was induced [2].
6.1.1. Figure 1C – Video editor: emphasize Step 1
6.1.2. Figure 1C – Video editor: emphasize Step 2
6.2. Bacteria were incubated with affinity reagent [1], unbound bacteria were discarded [2] and selected bacteria were amplified [3]. 
6.2.1. Figure 1C – Video editor: emphasize Step 3
6.2.2. Figure 1C – Video editor: emphasize Step 4
6.2.3. Figure 1C – Video editor: emphasize Step 5
6.3. Western blot of pBAD-BirA-eCPX-AP (pronounce as p-Bad-Bir-A-e-C-P-X-A-P) expressing bacteria produced a 22-kilodalton streptavidin-reacting band consistent with the molecular weight of eCPX (pronounce as e-C-P-X), in both uninduced and induced cultures [1]. However, they were not present in BirA-6xHis (pronounce as Bir-A-hexahistidine) [2].
6.3.1. Figure 2 – Video editor: emphasize Figure 2a, and emphasize the eCXP row.
6.3.2. Figure 2 – Video editor: emphasize Figure 2a, and emphasize the bottom image.
6.4. [bookmark: _Hlk12960518][bookmark: OLE_LINK4]The strong surface biotinylation in the eCPX-AP (pronounce as e-C-P-X-A-P) expressing bacteria caused aggregation upon addition of streptavidin magnetic beads and the formation of a pellet at the bottom of the tube [1], which was not observed with eCPX-AP(K10A) (pronounce as e-C-P-X-A-P with lysine to alanine mutation) expression bacteria [2].
6.4.1. Figure 2 – Video editor: emphasize Figure 2b, and emphasize the first tube.
6.4.2. Figure 2 – Video editor: emphasize Figure 2b, and emphasize the second tube.
6.5. Analysis of the precipitate from the streptavidin pulldown, displayed a clear 22-kilodalton streptavidin-reacting and anti-6xHis (pronounce as anti-hexahistidine) band in the samples from eCPX-AP cultures, but not eCPX-AP(K10A) cultures [1].
6.5.1. Figure 2 – Video editor: emphasize Figure 2c
6.6. Similarly, the count of bacteria bound to the streptavidin-beads was significantly higher in the eCPX-AP than the eCPX-AP(K10A) cultures [1].
6.6.1. Figure 2 – Video editor: emphasize Figure 2d



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Jeff Granhøj: The most important step is the stringent washing of the streptavidin-bound bacteria. The stringent washing ensures that only bacteria with surface displayed biotin are selected [1] [2]. 
7.1.1. Use 4.9.2.
7.1.2. INTERVIEW
7.2. Per Svenningsen: Once a clear enrichment of bacteria is observed, the isolated clones can be further mutated and thereby develop highly active BirA variants that allows for specific biotinylation of native proteins [1].
7.2.1. INTERVIEW
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