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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No  

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) No 
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.) 4.9, 5.1, 5.4
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.) 2.1. and 3.1. Preparation of both the DNA fragments and digested vector is critical in order to obtain a good quality and highly variable library. Potential bias could be avoided by maximizing the efficiency of all the cloning reactions in a particular fragment end-repairing, phosphorylation, and plasmid digestion steps.
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? (Y/N) No 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 method is to construct a “domainome” library: a collection of correctly folded, well expressed, soluble protein domains from any intron-less DNA (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Clelia Peano: This method can help answer key questions in the protein based research, such as annotation of new proteins/protein domains, characterization of structural and functional properties of known proteins, definition of protein-interaction networks or antigen/antibody signature in different conditions [1-MED].
1.1.1. Clelia speaks towards the camera, looking slightly off-frame, interview style. 
1.2. Clelia Peano: The main advantage of this technique is that it is completely unbiased, high-throughput, and modular for any study ranging from a single gene up to a whole genome [1-MED]. 

1.2.1. Clelia speaks towards the camera, looking slightly off-frame, interview style.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Maria Felicia Soluri: The construction of a domainome library is very useful for functional studies. It can be transferred to a phage display context and used for selections against different targets, such as binding proteins or purified antibodies [1-MED].
1.3.1. Maria speaks towards the camera, looking slightly off-frame, interview style. 
1.4. Maria Felicia Soluri: The coupling with NGS enables an extremely sensitive and powerful analysis, and at the same time the webtool specifically developed for data analysis gives a precise characterization of the whole domainone and interactome [1-MED].
1.4.1.  Maria speaks towards the camera, looking slightly off-frame, interview style.
*Note to the Authors: Goal and interview statements will be edited to conform to the specified number and length restrictions. I am happy to help if you have any questions.
Protocol: (read by voice talent at JoVE)
2. Construction of the ORF Library
2.1. To construct the ORF library, first sonicate the DNA with 30 second pulses at 100 percent output [1-MED over the shoulder-TXT]. After sonication, load the ladder and the sonicated DNA on a 1.5 percent agarose gel [2-MED over the shoulder]. Then, start the electrophoresis unit at 5 volts per centimeter for 15 minutes [1-LM].
2.1.1. Talent starts sonicating the DNA. Sonication settings should be in the shot, if possible. Text Overlay: ORF: open reading frame
2.1.2.  Talent loads the DNA samples on the gel.
2.1.2 B. (Added shot) Talent start electrophoresis
2.1.3.  The agarose gel electrophoresis shows the presence of DNA smear confirming sonication. This is in comparison to the solid band obtained from a DNA not subjected to sonication.
56981_Suppl1 Fig 1: Editors, please draw a box to highlight and stress upon the smear on the right next to the ladder under sonication (+) lane when the VO mentions, “presence of DNA…sonication”. Then show the solid band on the left when the VO mentions, “solid band…sonication”.

2.2. Then, cut the gel portion, with the fragmented DNA smear [1-MED over the shoulder] and purify using column-based gel extraction kit [2-MED]. Measure the concentration of the purified DNA in the UV spectrophotometer [3-MED].
2.2.1. Talent cuts the band out of the gel. Videographer: Use multiple takes as this shot will be reused later.
2.2.1 B (added shot) Talent collect the sample
2.2.2. Talent shows the pipetting of the sample in the column. Videographer: Use multiple takes as this shot will be reused later.
2.2.3.  Talent measures the DNA concentration in the spectrophotometer. Videographer: Use multiple takes as this shot will be reused later.
2.3. Then, follow the manufacturer’s instructions and treat 5 micrograms of the insert with 1 microliter of Quick Blunting enzyme mix [1-CU]. Then inactivate the enzyme mix at 70 degrees Celsius for 10 minutes [2-MED].
2.3.1. Talent adds the enzyme mix to the sample insert. Tube label with the enzyme mix should be in the shot, if possible.

2.3.2.  Talent leaves the tube in the heat block and starts the timer. Timer should be in the shot, if possible.
3. Preparation of the Filtering Vector
3.1. To prepare the filtering vector, first digest 5 micrograms of the purified cloning vector with EcoRV restriction enzyme [1-CU-TXT]. Then load the digested and undigested vectors and the molecular marker on a 1 percent agarose gel [2-MED over the shoulder-TXT].
3.1.1. Talent adds restriction enzyme to the sample vector. Tube label with the enzyme should be in the shot, if possible. Text overlay: cloning vector: pFILTER3
3.1.2.  Talent loads the ladder, digested and undigested samples on the agarose gel. Tube labels with the samples should be in the shot, if possible. Text Overlay: This is to check proper digestion

3.2. Then heat inactivate the restriction enzyme [1-MED]. Next, phosphorylate the digested vector with 5 units of phosphatase enzyme and 1/10th volume of the 10x phosphatase buffer [2-CU]. Then, incubate the mixture at 37 degrees Celsius for 15 minutes [3-MED].
3.2.1. Talent leaves the tube in the heat block and starts the timer. Timer should be in the shot, if possible.
3.2.2.  Talent adds enzyme and buffer to the sample in the tube. Tube label with the enzyme and the buffer should be in the shot, if possible.

3.2.3.  Talent leaves the tube in the incubator and starts the timer. Timer should be in the shot, if possible.
3.3. Then inactivate the phosphatase enzyme at 65 degrees Celsius for 5 minutes [1-MED]. Next extract the plasmid from the gel [2] and purify the DNA [3-MED]… Then, measure the concentration of the DNA in the UV spectrophotometer [4].
3.3.1. Talent leaves the tube in the heat block and starts the timer. Timer should be in the shot, if possible. Videographer: Use multiple takes as this shot will be reused later.
3.3.2. Use shot 2.2.1. Author note: This was a real clip that shows the cutting of the gel portion (on the right side) containing a solid band (NOT a smear).
3.3.3. Talent starts purifying the DNA. (Author note: This shot was not filmed)
3.3.4.  Use shot 2.2.3.
4. Ligation and Transformation 

4.1. To perform the ligation reaction, add 400 nanograms of the phosphorylated inserts, 10x T4 DNA ligase buffer, and T4 DNA ligase to a final volume of 100 microliters [1-CU-TXT]... Then incubate the ligation reaction at 16 degrees Celsius for overnight [2-MED].
4.1.1. Talent adds all the buffer, enzyme and the sample in a tube. All tube labels should be in the shot, if possible. Text Overlay: Refer to the text for the concentration of the reagents
4.1.2.  Talent leaves the tube at 16 degrees.

4.2. The next day heat inactivate the ligase at 65 degrees Celsius for 10 minutes [1]. Next, add 1/10th volume of 3 molar sodium acetate at pH 5.2 and 2.5 volumes of 100 percent ethanol to precipitate the ligation product [2-CU].
4.2.1. Use shot 3.3.1.(Author note: this was a real clip)
4.2.2.  Talent adds sodium acetate and ethanol to the sample ligation in the tube. Tube labels with the reagents should be in the shot, if possible.
4.3. Once precipitated, mix the reagents [1-CU] and freeze at -80 degrees Celsius for 20 minutes [2-WIDE]. After 20 minutes, centrifuge at the highest speed for 20 minutes at 4 degrees Celsius [3-MED over the shoulder]. After centrifugation, expel the supernatant [4-CU].

4.3.1. Talent pipettes to mix the reagents.

4.3.2.  Talent leaves the sample at -80 degrees Celsius and starts the timer. Timer should be in the shot, if possible.

4.3.3.  Talent leaves the tube in the centrifuge machine and starts the run. Centrifuge settings should be in the shot, if possible. Videographer: Use multiple takes as this shot will be reused later.
4.3.4.  Talent discards the supernatant. Videographer: Use multiple takes as this shot will be reused later.
4.4. To the pellet, add 500 microliters of cold 70 percent ethanol [1-CU] and again centrifuge [2]. Discard the supernatant [3], at the end of the centrifugation. Once the pellet is air-dried [4-MED], dissolve the precipitated DNA in 10 microliters of water [5-CU].
4.4.1. Talent adds ethanol to the pellet. Tube label with the ethanol should be in the shot, if possible.

4.4.2.  Use shot 4.3.3. 

4.4.3.  Use shot 4.3.4

4.4.4.  Talent leaves the tube lid open for air drying.

4.4.5.  Talent dissolves the sample in the water.

4.5. Before performing electroporation, arrange for the appropriate number of microcentrifuge tubes and 0.1 centimeter electroporation cuvettes on ice [1-MED over the shoulder]. Then add 1 microliter of the purified ligation product to 25 microliters of the cells and flick the tube [2-CU].

4.5.1. Talent arranges the microcentrifuge tubes and cuvettes on ice.

4.5.2.  Talent adds the sample to the cells and flicks the tube.
4.6. Then pipette the DNA-cell mixture to the cold electroporation cuvette [1-CU] and tap on the countertop twice [2-MED]. Then wipe the water from the exterior of the cuvette [3-CU] and place in the electroporation unit and hit pulse [4-MED-TXT].

4.6.1. Talent adds the DNA-cell mixture to the cuvette.

4.6.2.  Talent taps on the countertop twice.

4.6.3.  Talent wipes the water from the exterior of the cuvette.
4.6.4.  Talent places the cuvette in the electroporation unit and hits pulse. Text Overlay: electroporation conditions: 25 µF, 200 Ω and 1.8 kV; Time constant: 4-5 ms
4.7. After the electroporation is over, quickly, add 1 milliliter of liquid 2xYT medium without any antibiotic to the cells in the cuvette [1-CU]. Then, transfer the cellular mixture to a 10 milliliter tube [2-CU]. Leave the tube on a shaker at 220 revolutions per minute at 37 degrees Celsius for an hour [3-MED].
4.7.1.  Talent adds medium to the cuvette. Tube label with the medium should be in the shot, if possible.

4.7.2.  Talent pipettes the mixture to a 10-milliliter tube.

4.7.3.  Talent leaves the tube on the shaker and starts the timer. Timer should be in the shot, if possible.

4.9 Plate the dilutions of the library on 10-centimeter 2xYT agar plates supplemented with chloramphenicol, ampicillin and only chloramphenicol [1-MED]… This is to obtain single colonies to be tested by PCR and to perform titration. Then incubate the plates at 30 degrees Celsius for overnight [2].

4.9.1. Talent pipettes the library dilutions on the agar plates. Tube labels, if any, should be in the shot, if possible.

4.9.2. Use shot 4.8.2. Author note: This was a real clip
4.8. Next, plate the transformed competent cells on 15-centimeter 2xYT agar plates supplemented with chloramphenicol and ampicillin [1-MED over the shoulder-TXT]. Then incubate the plates at 30 degrees Celsius for overnight [2-WIDE].
4.8.1. Talent pipettes the cells on the agar plates. Text Overlay: 34 µg/mL chloramphenicol for pFILTER resistance; 25 µg/mL ampicillin as selective marker for ORF
4.8.2.  Talent leaves the plates in the incubator. Videographer: Use multiple takes as this shot will be reused later.
4.9. Plate the dilutions of the library on 10-centimeter 2xYT agar plates supplemented with chloramphenicol, ampicillin and only chloramphenicol [1-MED]… This is to obtain single colonies to be tested by PCR and to perform titration. Then incubate the plates at 30 degrees Celsius for overnight [2]. 
4.9.1. Talent pipettes the library dilutions on the agar plates. Tube labels, if any, should be in the shot, if possible.

4.9.2.  Use shot 4.8.2.
4.10. 4.10.A (added part) The next day, count the colonies, choosing the dilution where they are countable. Then, calculate the library size [TXT] Library size is calculated as follows:  mean colony number x dilution factor x total library volume (Please show here supplementary figure added 4.10A for video_InteractomeSeq)
4.10.1.A Video editor: Show supplementary figure 4.10A for video_InteractomeSeq TEXT: mean colony # x dilution factor x total library volume. 
Maria Felicia Soluri: Library size should be in the order of 106 clones. If ampicillin concentration is optimal to perform ORF filtering, the clone number reduces to 1/20 of that obtained in the absence of antibiotic [1-MED].

4.10.1. Maria speaks towards the camera, looking slightly off-frame, interview style.
5. pFILTER-ORF Library Validation and Collection
5.1. To test for the positive colonies, use a tip to pick up around 15-20 single colonies [1-CU]. Then, dilute the colonies with 100 microliters of 2xYT medium without antibiotics [2-CU]. Next, PCR amplify 0.5 microliter of the culture as DNA template with Taq DNA Polymerase [3-CU]….
5.1.1. Talent uses a tip to pick up colonies.

5.1.2.  Talent dilutes the colonies with medium. Tube label with the medium should be in the shot, if possible. Author note: This step is included in the previous shot.
5.1.3.  Talent sets up the PCR reaction.

5.2. During the PCR, run 25 cycles of amplifications using annealing temperature of 55 degrees Celsius and an extension time of 40 seconds at 72 degrees Celsius [1-LM-TXT] 
5.2.1. The colonies selected are subjected to PCR amplification which validates the presence of the pFILTER-ORF library containing positive colonies. Text Overlay: Refer to the Table of Materials for the primer sequences  

56981_Suppl Fig 2: Editors, just please show the entire gel and do not highlight any bands as all of them are positive.
5.3. Maria Felicia Soluri: Check that the length of the inserts is in the expected range of 150-750 base pair and that different colonies present inserts with different size. This indicates a good library preparation in terms of variability [1-MED].

5.3.1. Maria speaks towards the camera, looking slightly off-frame, interview style.
5.4. Next, add 3 milliliters of fresh 2xYT medium to the 150-millimeter plates to collect the bacteria [1-CU]. Then harvest the bacteria using a sterile scraper [2-CU]... After mixing thoroughly [3-CU], add 20 percent glycerol [4-CU] and leave in -80 degrees Celsius in aliquots for future use [5-WIDE].

5.4.1. Talent adds medium to the plates.

5.4.2.  Talent uses a scraper to harvest the bacteria.
5.4.3.  Talent mixes the bacteria by pipetting.

5.4.4.  Talent adds glycerol to the bacterial suspension. Tube label with glycerol should be in the shot, if possible.
5.4.5.  Talent leaves the tube aliquots with the bacteria at -80 degrees Celsius.

5.5. For immediate use, perform column-based plasmid extraction kit, to purify the plasmid DNA from one of the aliquot of the library before adding glycerol [1]. Measure the concentration of the DNA in the UV spectrophotometer [2] and then store the samples at -20 degrees Celsius until use [3-MED].
5.5.1. Use shot 2.2.2. Author note: this was a real shot
5.5.2.  Use shot 2.2.3.

5.5.3.  Talent leaves the sample at -20 degrees Celsius.

6. Phage Library Deep Sequencing Platform, Index PCR Followed by Qualitative and Quantitative Evaluation of the Sequencing Library
6.1. Use 2.5 microliters of the library as DNA template for PCR amplification [1-CU-TXT]... Set the thermocycler conditions and start the run [2-MED over the shoulder-TXT].
6.1.1. Talent sets up the PCR reaction. Text Overlay: Library: pFILTER/phagemid/selected-phage
6.1.2.  Talent leaves the tube in the thermocycler and starts the run. Thermocycler  settings should be in the shot, if possible. Text Overlay: Refer to the protocol in the text for detailed PCR conditions

6.2. Next use an index PCR kit to perform Index PCR. This will sequence the double indexed libraries within multiplexed illumina runs [1-MED over the shoulder]. Then transfer the entire 15 microliters of the purified product into a new PCR tube [2-CU]. 
6.3.1. Talent adds the primers and the PCR mix to a PCR tube. 

6.2.1. Talent sets up the index PCR reaction (Author note: show the PCR set up with 25 cycles).
6.2.2.  Talent transfers the PCR reaction to a new PCR tube

6.3. Then set the thermocycler conditions and start the run [2-MED over the shoulder-TXT].
6.3.1. Talent adds the primers and the PCR mix to a PCR tube

6.3.2.  Talent leaves the tube in the thermocycler and starts the run. Thermocycler settings should be in the shot, if possible. Text Overlay: Refer to the protocol in the text for the PCR conditions.

6.4. To verify the size, run 1 microliter of the 1:10 dilution of the final library on the bioanalyzer [1-MED]. Then quantify by selecting the region of the final library trace [2-LM].

6.4.1. Talent adds the sample to the bioanalyzer.

6.4.2.  On quantifying, the peak obtained at 300 base pair length represents the size of the final library used.
56981_Suppl Fig 3: Editors, please highlight the peak in the middle which corresponds to 300.

6.5. Next, use a library quantification kit following manufacturer’s instructions and perform real time PCR to quantify the library [1-MED over the shoulder]… Finally, for library sequencing, pool together, the dual indexed libraries along with other dual indexed sequencing libraries [2-CU-TXT].
6.5.1.  Talent sets up the PCR reaction. (This step was cancelled)
6.5.2.  Talent pools together the dual indexed libraries with other dual indexed sequencing libraries. Text Overlay: Generate 250 bp long reads using Hiseq2500 or Miseq instrument to obtain 250 bp and 300 bp PE reads 
7. Results: Use of a Phagemid Vector to Construct, Characterize and Select a Domainome Library
7.1. These schematic representations demonstrate that after cloning into pFILTER vector, only colonies corresponding to ORFs produce functional beta lactamase in the presence of antibiotics. However, after filtering, a decrease in the clone number of 20 fold is expected, with good folder ORFs growing at higher antibiotic concentrations [1-LM].
7.1.1. 56981_Fig 1: Editors, please show the figure and highlight the pFILTER map showing the β-lactamase in figure A and the 2 agar plates in figure B when the VO mentions, “after cloning…antibiotics”. Then, please highlight figure C which shows columns of agar plates with higher amp concentration when  the VO mentions, “after filtering…concentrations”.
7.2. In fact, the ORF fragments can be easily recovered from the filtered library. A phagemid-ORF library is constructed to perform phage display selection against target proteins of antibodies [1-LM].
7.2.1. 56981_Fig 2: Editors, highlight figure A when the VO mentions, “the ORF fragments…filtered library”. Then, please highlight the figure B when the VO mentions, “a phagemid-ORF…antibodies”.
7.3. All the libraries and the outputs obtained are then deeply analyzed by the NGS. The NGS provides a complete information on library diversity, abundance and precise mapping of each of the selected fragments [1-LM-TXT].
7.3.1. Text Overlay: NGS: next-generation sequencing technologies

7.3.2. 56981_Fig 3: Editors, please show the figure.
7.4. Finally, the Interactome-Seq webtool developed, generates raw sequencing reads ranging to the list of putative domains with genomic annotations [1-LM].
7.4.1. 56981_Fig 5: Editors, please show the entire figure and highlight the “domains detection” when the VO mentions, “generates raw sequencing…annotations.”

8. Conclusion (said by authors on camera)

8.1. Maria Felicia Soluri: After watching this video, you should have a good understanding of how to construct and validate a domainome library from a desired DNA source and perform a high-throughput screening of the library by next generation sequencing [1-MED].
8.1.1. Maria speaks towards the camera, looking slightly off-frame, interview style. 
8.2. Clelia Peano: We have optimized the sequencing of the ORF-filtering-libraries with the Illumina platform, and developed a web tool which makes possible for every user the analysis of these kind of data without the need of any programming skills [1-MED].
8.2.1. Clelia speaks towards the camera, looking slightly off-frame, interview style.

*Note to the Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.
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.  

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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