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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  

Can you record movies/images using your own microscope camera? (Y/N)_________  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N______ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 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 for use by the videographer.

D.  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.)  2.3
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to provide readers detailed hands-on experience in constructing a phage-displayed synthetic human antibody library with tailored diversity. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Donghui Wu: Phage-displayed antibody libraries have great potential to replace traditionally hybridoma-based techniques for therapeutic monoclonal antibody development by bypassing the need for animal immunization and subsequent antibody humanization. (27 words)

1.2. Shin-chen Hou: The advantage of synthetic antibody libraries is that tailored diversity is introduced into an antibody framework using insights into positional diversity that support high affinity interactions, and desirable protein properties. (30 words)

1.3. Shane Miersch: Beyond their practical utility, synthetic libraries, can further be used to experimentally probe the role of specific amino acids in biomolecular interactions and support the continual improvement of synthetic libraries. (30) 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Donghui Wu: Demonstrating the procedure will be a graduate student named Zhenwei Zhong and Dr. Shin-Chen Hou from our laboratory. 

1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol: (read by voice talent at JoVE)
2. Electroporation and Calculation of the Library Size
2.1. To begin this procedure, chill the purified CCC-dsDNA in a 1.5-mL microcentrifuge tube and a 0.2-cm gap electroporation cuvette on ice [1-MED-over the shoulder-TXT]. Pre-warm 20 mL of SOC medium in a 50-mL polypropylene conical centrifuge tube in 37 °C water bath for at least 30 minutes [2-MED-TXT]. 
2.1.1. Talent places the purified CCC-dsDNA and the electroporation cuvette on ice. Text: CCC-ds DNA: covalently closed circular double-stranded DNA
2.1.2. Talent places the tube of SOC medium in the water bath. Text: SOC: Super Optimal broth with Catabolite repression, 37 °C, > 30 min

2.2. Next, thaw a 350 μL aliquot of electro-competent E. coli SS320 on ice [1-MED]. Add the cells to the DNA and mix thoroughly by pipetting several times. Avoid introducing bubbles [2-MED-CU].
2.2.1. Talent places a 350 μL aliquot of electro-competent E. coli SS320 on ice 
2.2.2. *Film as written
2.3. Afterward, transfer the mixture to the cuvette and perform electroporation following the manufacturer’s instructions [1-CU]. Afterward, immediately rescue the electroporated cells by adding 1 mL of pre-warmed SOC medium [2-MED-over the shoulder] and transferring the cells into 17 mL of SOC medium in a 125-mL baffled flask [3-MED-over the shoulder]. 
2.3.1. CU the mixture as it is transferred to the cuvette
2.3.2. *Film as written

2.3.3. *Film as written

2.4. Donghui Wu: Please note that this step should be carried out by cooperation between two people in order to rescue the electroporated cells immediately and maximize the quality of the constructed library [1-MED].
2.4.1. Interview style

2.5. Rinse the cuvette twice with 1 mL of SOC medium and transfer to the same flask [1-MED-over the shoulder]. Then, incubate the sample for 30 minutes at 37 °C with shaking at 200 rpm [2-CU-TXT].
2.5.1. *Film as written

2.5.2. CU the sample as it is in the incubator shaking. Text: 30 min, 37 °C, 200 rpm
2.6. To determine the electroporation efficiency, add 180 μL of 2YT media to each well of a single column in a 96-microwell plate [1-MED-over the shoulder]. Then, make 8 ten-fold serial dilutions: transfer 20 μL of the 20-mL culture to the first well of the plate and mix by pipetting [2-CU]. Then, transfer 20 μL of the mixture to the next well. Repeat this procedure to the end of the serial dilution [3-CU-TXT].
2.6.1. *Film as written

2.6.2. CU the plate as 20 μL of the 20-mL culture is transferred to the first well of the plate and being pipetted
2.6.3. CU the plate as 20 μL of the mixture is transferred to the next well. Text: 8 ten-fold serial dilutions
2.7. Subsequently, plate 10 μL of each of the serial dilutions on one LB/carb plate in duplicate [1-MED-over the shoulder]. Plate 100 µL of the remaining from each of the serial dilutions onto separate LB/carb plates for colony count cross-check. These plates will also provide single clones for ELISA and sequence analysis [2-MED-over the shoulder].
2.7.1. *Film as written. Text: LB: Luria-Bertani
2.7.2. Talent plates 100 µL of the remaining from each of the serial dilutions onto separate LB/carb plates 
2.8. Incubate the samples overnight at 37 °C [1-MED-TXT]. The next day, count the colonies from the 10 μL duplicates on the LB/carb plate [2-MED-over the shoulder], cross-check the counting from the 100 µL serial dilution on each corresponding LB/carb plate and calculate the total library size [3-MED-over the shoulder-TXT].
2.8.1. Talent places the samples in the incubator. Text: overnight, 37 °C
2.8.2. Talent counting the colonies and marking them with a pen. 
2.8.3. Talent cross-checking the counting from the 100 µL serial dilution on each corresponding LB/carb plate. Text: See the accompanying manuscript for details
2.9. After that, aliquot the culture equally into two 2-Liter baffled flasks, each containing 500 mL of 2YT/carb/kan medium for phage library generation [1-MED-over the shoulder]. Incubate them at 37 °C with shaking at 200 rpm overnight for 16 hours [2-CU-TXT].
2.9.1. Talent aliquots the culture equally into two 2-Liter baffled flasks 
2.9.2. CU the flasks as they are placed in the incubator shaking. Text: 37 °C, 200 rpm, 16 h
2.10. Following that, transfer the culture to two 1-Liter autoclaved centrifuge bottles [1-MED] and centrifuge for 30 min at 12,000 × g at 4 °C [2-CU-TXT]. 
2.10.1. *Film as written

2.10.2. CU the bottles as they are placed in the centrifuge. Text: 30 min, 12,000 × g, 4 °C
2.11. Then, transfer the supernatant to two new 1-Liter autoclaved centrifuge bottles [1-MED-over the shoulder]. Add 1/5 of the final volume of PEG/NaCl solution to precipitate the phage [2-MED-over the shoulder], and incubate on ice for 30 minutes [3-CU-TXT].
2.11.1. *Film as written

2.11.2. *Film as written

2.11.3. CU the samples as they are placed on ice. Text: 30 min

2.12. Next, centrifuge for 30 minutes at 12,000 × g and 4 °C [1-MED-TXT]. After 30 minutes, carefully decant the supernatant and avoid disturbing the phage pellet [2-MED-over the shoulder]. Then, spin the samples for 1 minute at 4,000 x g [3-CU-TXT] and remove the remaining supernatant afterward [4-MED-over the shoulder].
2.12.1. Talent places the samples in the centrifuge. Text: 30 min, 12,000 × g, 4 °C
2.12.2. *Film as written

2.12.3. CU the samples as they are being spun. Text: 1 min at 4,000 x g
2.12.4. *Film as written
2.13. Resuspend the phage pellet with 20 mL of sterile-filtered 1X PBS buffer and transfer it to a new 50-mL tube [1-MED-over the shoulder]. Pellet the insoluble matter by centrifuging for 5 minutes at 12,000 × g and 4 °C [2-MED-over the shoulder-TXT]. Then, transfer the supernatant to a new 50-mL tube [3-MED].
2.13.1. *Film as written

2.13.2. Talent places the sample in the centrifuge. Text: 5 min, 12,000 × g, 4 °C
2.13.3. *Film as written
2.14. Afterward, measure the phage concentration by spectrophotometer and adjust the phage concentration to 5 X 1012 phage/mL in 1X PBS with 10% ultrapure glycerol [1-MED]. Aliquot 1 mL of phage solution per 1.5-mL microcentrifuge tube [2-MED-over the shoulder]. Use the libraries immediately for panning or store at -80 °C [3-MED].
2.14.1. Talent places the sample in the spectrophotometer 
2.14.2. Talent aliquots the solution
2.14.3. Talent places the samples in the freezer
3. Quality Assessment by Protein A/L Direct Binding ELISA Assay and Sequencing 

3.1. In this procedure, randomly pick 96 single colonies on LB/carb plate into a 96-deep well culture plate containing 800 μL of 2YT/carb in each well [1-MED-over the shoulder]. Incubate for 3-4 hours at 37 °C with shaking at 1,000 rpm [2-MED-TXT].
3.1.1. Talent transferring colonies
3.1.2. Talent places the colonies in the incubator with shaking. Text: 3-4 h, 37 °C, 1,000 rpm, to OD600 = 0.4-0.8
3.2. Next, add 100 μL of M13KO7 to each well of a 96-deep well culture plate with a multichannel pipette [1-MED-over the shoulder-TXT], and incubate at 37 °C with shaking at 1,000 rpm for 1 hour [2-MED-TXT].
3.2.1. *Film as written. Text: 1 X 1011 cfu/mL
3.2.2. *Film as written. Text: 37 °C, 1,000 rpm, 1 h
3.3. Subsequently, add 100 μL of 2YT containing 10X concentration of kanamycin to each well with a multichannel pipette [1-MED-over the shoulder]. Incubate overnight at 37 °C with shaking at 1,000 rpm [2-CU-TXT].
3.3.1. *Film as written

3.3.2. *Film as written. Text: overnight, 37 °C, 1,000 rpm
3.4. The next day, dissolve protein L to 1 µg/mL in 1X PBS [1-MED-over the shoulder]. Coat 3/4 of the wells in a 384-well high protein-binding polystyrene plate with 30 µL/well of the protein L solution [2-MED-over the shoulder]. Then, incubate overnight at 4 °C [3-MED-TXT].
3.4.1. *Film as written

3.4.2. *Film as written

3.4.3. Talent places the plate in the incubator. Text: overnight, 4 °C

3.5. Afterward, discard the overnight protein L coating solution and add 50 µL of M-PBST to all of the wells in the 384-well high protein-binding polystyrene plate [1-MED-over the shoulder]. Incubate the plates on a microplate shaker for 1 hour at room temperature [2-CU-TXT]. Then, spin down the overnight culture in a deep 96-well culture plate at 3,000 x g for 10 minutes at 4 °C, whereas the phage is in the supernatant [3-MED-over the shoulder-TXT].
3.5.1. *Film as written

3.5.2. CU the plates as they are placed on a microplate shaker. Text: 1 h, RT
3.5.3. Talent places the culture in a deep 96-well culture plate. Text: 3,000 x g, 10 min, 4 °C
3.6. Discard the blocking solution, and add 15 μL of M-PBST and 15 μL of each phage supernatant to 3 of the protein L coated-wells as triplicate, and 1 non-coated well as negative control [1-MED-over the shoulder]. Then, incubate at room temperature for 1 hour with shaking at 200 rpm [2-MED-TXT].
3.6.1. Talent adding M-PBST and phage supernatant to the well  
3.6.2. Talent places the plate on a shaker. Text: RT, 1 h, 200 rpm
3.7. After an hour, discard the phage solution, and wash the plate 6 times with 80 μL of PBST by an automated plate washer [1-CU]. Add 15 μL of M-PBST and 15 μL of Protein A-HRP to each well [2-MED-over the shoulder], and incubate at room temperature for 1 hour with shaking at approximately 200 rpm [3-CU-TXT].
3.7.1. CU the plate as it is being washed
3.7.2. *Film as written

3.7.3. CU the plate as it is placed on shaker. Text: RT, 1 h, 200 rpm
3.8. After that, discard the Protein A-HRP/M-PBST solution and wash the plate 6 times with 80 μL of PBST [1-MED]. Then, add TMB substrate at 30 μL per well [2-MED] and incubate for 2-3 minutes until the blue color develops and stop the reaction with 1.0 Molar H3PO4 [3-CU].
3.8.1. *Film as written

3.8.2. *Film as written

3.8.3. CU the plate to show that blue color develops 
3.9. Subsequently, read the plate spectrophotometrically at 450 nm. Positive clones are defined as those that exhibit an average ratio of OD450 absorbance of protein L wells to the M-PBST well greater than 3.0 [1-MED-over the shoulder].
3.9.1. Talent places the plate in the spectrophotometer and enters setting
3.10. In a 96-deep well, infect 50 μL of SS320 in 2YT/tet at log phase with 5 μL of the same phage used for the ELISA for 30 minutes at room temperature [1-MED-over the shoulder-TXT]. Add 950 μL of 2YT/carb into the 96-deep well [2-MED-over the shoulder] and incubate overnight at 37 °C with shaking at 1,000 rpm [3-CU-TXT].
3.10.1. *Film as written. Text: 30 min, RT
3.10.2. *Film as written

3.10.3. CU the plate as it is placed in the incubator. Text: overnight, 37 °C, 1,000 rpm
4. Results: Conversion of dU-ssDNA to CCC-DNA and Phage Titration for Calculation of Library Size
4.1.
Following oligonucleotide-directed mutagenesis, the efficiency of dU-ssDNA conversion to CCC-DNA was evaluated. dU-ssDNA was completely converted to dsDNA [1-LM]. The dominant band is CCC-dsDNA while there is a minor portion of nicked dsDNA and strand-displaced DNA [2-LM].

4.1.1.
57357fig6large.jpg: Show the figure (without the numbers “1”, “2”, “3” and the labels “Strand displaced DNA”, “nicked dsDNA”, “CCC-dsDNA”)
4.1.2.  57357fig6large.jpg: Add the numbers “1”, “2”, “3” and the labels “Strand displaced DNA”, “nicked dsDNA”, “CCC-dsDNA” in the figure   

4.2.
After electroporation into E. coli SS320, the library titer was estimated from serial dilutions on LB/carb plates. The library size was 5 X 109 [1-LM].

4.2.1.
57357fig7large.jpg: Show the figure
4.3.
Randomly picked single clones were sent for sequencing analysis. In 90 successfully sequenced clones, 53 clones had at least one CDR mutant; 17 clones were wild-type; and 20 clones had a premature stop codon at different regions [1-LM].

4.3.1.
57357_table_4.xlsx: Show the table
4.4.
In protein A/L based ELISA, 43 clones out of the 90 clones were well folded and contained at least one CDR mutant. Thus, the functional diversity of the constructed library was estimated to be 48% of 5 X 109, which is 2.4 X 109 [1-LM].

4.4.1.
57357fig8large.jpg: Show the graph
5. Conclusion (said by authors on camera)

5.1. Donghui Wu: Once mastered, construction of a synthetic phage displayed Fab library can be done within two weeks if performed properly.

5.2. Donghui Wu: After its development, this technique paved the way for researchers in the field of antibody engineering to explore therapeutic antibody discovery using phage displayed systems.
5.3. Donghui Wu: Following construction, library diversity can be estimated accurately with  next-generation, deep sequencing methods.
5.4. Shin-chen Hou: After watching this video, you should have a good understanding of how to construct a phage-displayed synthetic human antibody library with tailored diversity.
5.5. Shin-chen Hou: Using this procedure, proteins other than antibodies can be similarly displayed on the phage surface and engineered to study the correlation of protein sequence, structure and function.
5.6. Shin-chen Hou: Precautions to prevent phage cross-contamination should be taken while performing this procedure and downstream selections. Also, liquid nitrogen can cause burns and care must be taken for safety protection. 
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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