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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
2.4., 4.1., 4.7., 6.7.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.4.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


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. Luis Gomez-Castillo: This protocol is significant because it provides a general approach to engineering protein dimerization systems as biosensors for a variety of small molecules [1].

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

1.2. Luis Gomez-Castillo: In addition, it uses one, highly diverse protein library to select biosensors for different ligands in an efficient and cost-effective manner without the need for specialized equipment [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

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

1.3. Huayi Jiang: The engineered biosensor can be used to chemically control cell behavior and to monitor real time changes in cell metabolites [1].

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

1.4. Huayi Jiang: Through this visual demonstration, researchers can observe a detailed instruction of the techniques with a clear expectation of the experimental output [1].

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




Section - Protocol
2. TG1 Cell and Negative Selection Bead Preparation
2.1. Begin every round of selection by growing a single TG1 (T-G-one) electroporation-competent cell colony in 6 milliliters of 2YT (twoY-T) medium [1-TXT] at 37 degrees Celsius and 250 revolutions per minute to a 600-nanometer absorbance of approximately 0.5 [2].
2.1.1. WIDE: Talent placing cells into shaking incubator TEXT: See text for all medium and solution preparation details
2.1.2. Talent adding sample to spectrophotometer
2.2. When the optimal optical density has been reached, place the cells on ice [1].
2.2.1. Talent placing cells on ice
2.3. To prepare the negative selection beads, wash 300 microliters of streptavidin-coated magnetic beads three times with 1 milliliter of 0.05% PBS plus Tween buffer [1] and two times with 1 milliliter of PBS per wash on a magnetic separation rack [2].
2.3.1. Talent adding PBST to beads, with PBST container visible in frame
2.3.2. Talent adding PBS to beads, with PBS container visible in frame

2.4. Resuspend the beads with 1 milliliter of 1% casein in PBS [1] and saturate the beads with biotin at 5 times the reported binding capacity of the beads [2].

2.4.1. Talent adding casein to beads, with casein container visible in frame Videographer: Important/difficult step
2.4.2. Talent adding biotin to beads, with biotin container visible in frame Videographer: Important/difficult step

2.5. After 1 hour at room temperature with rotation [1], wash the beads five times with PBS plus Tween and three times with PBS as demonstrated [2].

2.5.1. Talent placing beads onto rotator
2.5.2. Talent adding PBST to beads, with PBST and PBS containers visible in frame

2.6. After the last wash, add approximately 1 x 1013 phage particles in 1% casein and 1% bovine serum albumin in PBS to the beads [1] for a 1-hour incubation at room temperature with rotation [2].

2.6.1. Phage being added to beads, with phage container visible in frame
2.6.2. Beads being placed onto rotator

2.7. At the end of the incubation, transfer the supernatant into a 1.5-milliliter tube [1].

2.7.1. Talent adding supernatant to tube

3. Positive Selection Bead Preparation

3.1. For positive selection with the biotinylated, ligand-bound, streptavidin beads, saturate half of the volume of beads used for the negative selection [1-TXT] in the biotinylated ligand of choice at 5 times the full binding capacity as calculated according to the manual [2].

3.1.1. WIDE: Talent adding beads to tube, with bead container visible in frame TEXT: Wash beads as demonstrated before use
3.1.2. Talent adding ligand to beads, with ligand container visible in frame 

3.2. After a 1-hour incubation at room temperature with rotation [1], wash the beads five times with PBS plus Tween and three times with PBS alone as demonstrated [2] and block the beads with 1 milliliter of 1% casein and 1% bovine serum albumin for 1-hour with rotation [2].

3.2.1. Beads being rotated
3.2.2. Talent adding PBST to beads, with PBST and PBS containers visible in frame
3.2.3. Talent adding casein + BSA to beads, with casein + BSA container visible in frame

3.3. At the end of the incubation, wash the streptavidin-coated magnetic beads three times in PBS plus Tween and one time in PBS alone as demonstrated [1] and use unbound phage to resuspend the streptavidin-coated magnetic beads [2].

3.3.1. Talent adding PBST to beads, with PBST and PBS containers visible in frame
3.3.2. Beads being resuspended in phage, with phage container visible in frame

3.4. Extract the unbound phage-containing supernatant without disturbing the beads [1] and set the sample aside to be used as input [2].

3.4.1. Supernatant being extracted
3.4.2. Talent placing phages aside

3.5. Then wash the beads ten times with PBS plus Tween and five times with PBS as demonstrated [1], transferring the beads to a new tube after every three washes to avoid nonspecific binding of the bound phages to the tube walls [2].

3.5.1. Talent adding PBST to beads, with PBST and PBS containers visible in frame
3.5.2. Talent adding beads to new tube, with old tube visible in frame

4. Phage-Displayed Nanobody Elution and Input/Output Titrations and Infection

4.1. To competitively elute the bound phages, add 450 microliters of a micromolar concentration of non-biotinylated ligand to the positive selection beads [1] and place the beads on rotation for 30 minutes [2].

4.1.1. WIDE: Talent adding non-biotinylated ligand to beads, with ligand container visible in frame Videographer: Important step
4.1.2. Talent placing beads onto rotator Videographer: Important step

4.2. At the end of the incubation, transfer the supernatant into a new tube to be used as output [1].

4.2.1. Talent adding supernatant to tube

4.2.2. Collect supernatant and save the eluted phages as output, to be used in step 3.5.2.

4.3. For input titration, prepare 10 serial dilutions in PBS up to 1 x 109-fold with the input phage [1] and transfer 10 microliters of input phage from the 1 x 107-109 dilutions to 70-microliter aliquots of the prepared TG1 cells [2]. 

4.3.1. Talent adding input phage to tubes, with PBS container visible in frame
4.3.2. Phage being added to cells, with TG1 and phage 1 x 107 – 1 x109 dilution containers visible in frame

4.4. After 45 minutes at 37 degrees Celsius, plate the infected TG1 cells onto individual 90 -millimeter 2YT-agar dishes [1] containing 100 micrograms/milliliter of ampicillin and 2% glucose for an overnight incubation at 37 degrees Celsius [2].

4.4.1. Talent adding cells to dish(es), with dishes and ampicillin and glucose containers visible in frame
4.4.2. Talent placing plates into incubator

4.5. The next morning, use the formula to calculate the phage input [1-TXT].

4.5.1. BLACK TEXT WHITE BACKGROUND:


4.6. For output infection and titration, add the eluted phages to 3 milliliters of TG1 cells for a 45-minute incubation in a 37-degree Celsius water bath [1].

4.6.1. Talent adding phages to TG1 cells, with eluted phage and TG1 cell containers visible in frame

4.7. Then prepare ten serial dilutions of the infected cells in fresh 2YT medium up to a 1 x 103-concentration [1] and plate each dilution on 90-millimeter 2YT-agar dishes for their overnight incubation at 37 degrees Celsius [2].

4.7.1. Talent adding cells to tubes, with cell and medium containers visible in frame Videographer: Important step
4.7.2. Talent adding cells to dish(es) Videographer: Important step

4.8. The next morning, calculate the phage output according to the formula:

4.8.1. BLACK TEXT WHITE BACKGROUND: 

5. Single Clone Isolation

5.1. To isolate individual clones from an enriched sub-library, transfer single colonies from the overnight-cultured, phage-infected TG1 cell plates [1] into 250 microliters of 2YT medium supplemented with ampicillin per well in sterile deep-well plates for their overnight culture at 37 degrees Celsius [2].

5.1.1. WIDE: Talent picking colony
5.1.2. Talent adding colony to well, with medium and ampicillin containers visible in frame

5.2. When the cells reach a 600-nanometer density of approximately 0.5, add at 5 x 109 plaque forming units/milliliter of CM13 (C-M-thirteen) helper phage to each well [1] and incubate the cells for 45 minutes at 37 degrees Celsius at 250 rotations per minute [2].

5.2.1. Talent adding phage to well(s)
5.2.2. Talent placing plate into incubator/onto rotator

5.3. At the end of the incubation, add 500 microliters of 2YT medium supplemented with ampicillin and 50 micrograms/milliliter of kanamycin to each well [1] and place the plate at 25 degrees Celsius and 250 rotations per minute overnight [2].

5.3.1. Talent adding medium to well(s), with medium and ampicillin and kanamycin containers visible in frame
5.3.2. Talent placing plate onto rotator/into incubator

5.4. The next morning, sediment the cells by centrifugation to allow collection of the phage particles [1-TXT].

5.4.1. Talent placing plate into centrifuge TEXT: 10 min, 3000 x g, RT

6. Anchor Binder Validation 

6.1. To validate the anchor binding by ELISA, coat 96-well ELISA plates with 100 microliters of 5 microgram/milliliter streptavidin in coating buffer at 4 degrees Celsius overnight [1].

6.1.1. WIDE: Talent adding SA to well(s), with SA and coating buffer containers visible in frame

6.2. The next morning, wash the plates three times in 300 microliters of PBS plus Tween [1] before adding 100 microliters of 1-micromolar biotinylated target to the target wells [2] and 100 microliters of 1-micromolar biotin or target homolog to the appropriate control wells [3].

6.2.1. Talent adding PBST to well(s), with PBST container visible in frame
6.2.2. Talent adding target to well(s), with target container visible in frame
6.2.3. Biotin being added to well(s), with biotin and homolog conatiners visible in frame

6.3. After 1 hour at room temperature, wash the plates five times with PBS plus Tween per wash [1] and block any non-specific binding with 300 microliters of 1% casein per well for 1 hour at room temperature [2].

6.3.1. Talent adding PBST to well(s), with PBST container visible in frame
6.3.2. Casein being added to well(s), with casein container visible in frame

6.4. At the end of the incubation, wash the plates three times in fresh PBS plus Tween per wash [1] and add the purified phage supernatant [2].

6.4.1. Talent adding PBST to well(s), with PBST container visible in frame
6.4.2. Phage being added to well(s), with supernatant container visible in frame

6.5. After 1 hour at room temperature, wash the plates 10 times with fresh PBS plus Tween per wash [1] and add 100 microliters of horseradish peroxidase-M13 major coat protein antibody to each well for a 1-hour incubation at room temperature [2].

6.5.1. Talent adding PBST to well(s), with PBST container visible in frame
6.5.2. HRP-M13 being added to well(s), with HRP-M13 container visible in frame

6.6. Then wash the plates three times as demonstrated [1] and add 100 microliters of TMB (T-M-B) substrate to each well [2-TXT] for a 10-minute incubation at room temperature or until a visible color change is observed [3].

6.6.1. Talent adding PBST to well(s), with PBST container visible in frame
6.6.2. TMB being added to well(s), with TMB container visible in frame TEXT: TMB: tetramethylbenzidine
6.6.3. Shot of color change

6.7. Then stop the reaction with 100 microliters of 1-molar hydrochloric acid per well [1] and read the plate at 450 nanometers on a spectrophotometer [2-TXT].

6.7.1. HCl being added to well(s), with HCl container visible in frame Videographer: Important step
6.7.2. Talent loading plate onto spectrophotometer Videographer: Important step

6.8. Luis Gomez-Castillo: After anchor binder validation, dimerization binder screening should also be performed using the same protein-library targeting as the Anchor binder-ligand complex [1-TXT].

6.8.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera TEXT: See text for dimerization validation details


Section – Results
7. Results: Representative Anchor and Dimerization Binder Characterization 

7.1. Typical enrichment results after 4-6 rounds of selection are a good indication that there is a high ratio of potential hits in the sub-libraries [1], in which case, further rounds of selection may not be necessary [2].

7.1.1. LAB MEDIA: Table 1: JoVE Video Editor please emphasize Input and Output phage columns
7.1.2. LAB MEDIA: Table 1

7.2. Single-clone ELISA is suitable for analyzing the relative binding affinity and selectivity of anchor and dimerization binders [1] and facilitates the comparison of binding selectivity between clones [2].

7.2.1. LAB MEDIA: Figure 6A
7.2.2. LAB MEDIA: Figure 6A: JoVE Video Editor please sequentially emphasize red data lines then blue data lines

7.3. Likewise, dimerization binder selection allows the identification of clones [1] that form a heterodimer with the immobilized anchor binder only with [2] or without the ligand [2].

7.3.1. LAB MEDIA: Figure 6B 
7.3.2. LAB MEDIA: Figure 6B: JoVE Video Editor please emphasize clone 49 and/or add/emphasize + over clone 49
7.3.3. LAB MEDIA: Figure 6B: JoVE Video Editor please emphasize clone 80 and/or add/emphasize * over clone 49

7.4. These ligand concentration-dependent binding data suggesting that the tested nanobodies are suitable for constructing a chemically induced dimerization system [1] compared to the poor binding demonstrated by the control samples [2].

7.4.1. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize left graphs
7.4.2. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize right graphs

7.5. Further, analytical size-exclusion chromatography can be used to confirm the heterodimer formation between anchor and dimerization binders in the presence of the ligand [1].

7.5.1. LAB MEDIA: Figure 8

7.6. For example, in this experiment, a dimerization peak was observed when the anchor and dimerization binders and cannabidiol were mixed [1].

7.6.1. Figure 8: JoVE Video Editor please emphasize red line and/or add/emphasize black triangles and 44 and 17 kDa texts

7.7. In contrast, no dimerization peak was detected in the absence of cannabidiol [1] or when each binder was loaded to the column alone [2].

7.7.1. Figure 8: JoVE Video Editor please emphasize blue line
7.7.2. Figure 8: JoVE Video Editor please emphasize black lines


Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Huayi Jiang: The protein dimerization system should be genetically encoded in yeast or mammalian cells to allow further verification of the selected biosensors for developing in vivo applications [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.2. Huayi Jiang: We expect that this method will give other researchers the effective, necessary tools for detecting important metabolites, signaling molecules, or drugs in vivo with a high spatiotemporal resolution [1]. 
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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