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

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.)
Steps 2.5, 3.5, 4.1, 4.5 and 4.6.

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. (Please do not list entire sections.)
Steps 2.12 and 2.13 (chimeric protein design).

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


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. Jochen Pöling: Exchanging regions between structurally similar proteins to create chimeras, allows us investigate the importance of regions responsible for biological functions of the molecule to be studied [1].

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

1.2. Jochen Pöling: Region exchanges preserve the general secondary structure of the protein, so that regions important for its overall structure can be distinguished from those directly mediating biological functions [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. Juan M. Adrian-Segarra: It can be challenging to select which exact regions to be replaced. Starting with larger exchanges is usually helpful to identify the protein's key functional domains [1].  

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











Section - Protocol
2. [bookmark: _Hlk525025136]Chimeric Protein Design
2.1. To begin the procedure, select a suitable protein as a donor to exchange regions with the protein of interest, as detailed in the text protocol [1].
2.1.1. MED or WIDE: Establishing shot of the talent working at the computer, appearing from afar to select the donor protein.   
2.2. Then, obtain the protein amino acid sequences of the recipient and donor proteins from the Reference Sequence database by first accessing the gene section in the RefSeq (ref-seck) webpage.  Type the name of the protein of interest in the search box and click Search.  Click on the gene name for the desired species in the resulting list [1-TXT].
2.2.1. SCREEN: To be provided by the authors- Screen capture movie as talent accesses the gene section in the RefSeq webpage.  Talent types the name of the protein of interest in the search box and click 'Search'.  Talent clicks on the gene name for the desired species in the resulting list.  Authors, please upload this screen capture to your project page.  TEXT: https://www.ncbi.nlm.nih.gov/gene
2.3. Scroll down to the RefSeq section to see all documented isoforms.  Click on the sequence identifier for the isoform of interest.  Scroll down and click on CDS to highlight the protein-coding region of the gene.  On the bottom right of the screen, click on FASTA and copy the gene sequence [1].
2.3.1. SCREEN: To be provided by the authors- Screen capture movie as talent scrolls down to the RefSeq section to see all documented isoforms.  Talent clicks on the sequence identifier for the isoform of interest, and scrolls down and click on 'CDS' to highlight the protein-coding region of the gene.  On the bottom right of the screen, talent clicks on 'FASTA' and copy the gene sequence.  Authors, please upload this screen capture to your project page.  
2.4. Save the DNA sequence using a suitable DNA editing software.  When using the freely available ApE (A-P-E), open the program, paste the copied sequence in the blank box, select the sequence name and click Save [1].
2.4.1. SCREEN: To be provided by the authors- Screen capture movie as talent opens ApE, pastes the copied sequence in the blank box, selects the sequence name and clicks 'Save.'  Authors, please upload this screen capture to your project page.  
2.5. Now, choose the protein regions to be substituted in the different chimeric constructs by first dividing the protein sequence of interest in distinct structural regions [1].  
2.5.1. MED-over the shoulder: Talent navigates to the PDB database.
2.6. To do so, download the structural data of the protein of interest from the PDB website.  Access the PDB page for the protein, and download the PDB file by clicking download at the right side of the screen [1].
2.6.1. SCREEN: To be provided by the authors- Screen capture movie as talent downloads the structural data of the protein of interest from the PDB website.  Talent accesses the PDB page for the protein, and downloads the PDB file by clicking 'download' at the right side of the screen.  Authors, please upload this screen capture to your project page.  
2.7. Open the PDB file in a molecular visualization system like PyMOL (pie-mole).  In PyMOL, display the nucleotide sequence, hide the default structural data and select the cartoon view to clearly visualize the protein's structural features [1].
2.7.1. SCREEN: To be provided by the authors- Screen capture movie as talent clicks Display > Sequence On, clicks the H next to the PDB ID, and selects 'everything', and then clicks the S next to the PDB ID, selects 'cartoon' and changes the structure’s orientation to better visualize it.  Authors, please upload this screen capture to your project page.  
2.8. Click on the nucleotide sequence at the top of the screen to highlight different parts of the molecule, noting the amino acids corresponding to each distinctive structural feature [1].
2.8.1. SCREEN: To be provided by the authors- Screen capture movie as talent clicks on the nucleotide sequence at the top of the screen to highlight different parts of the molecule, noting the amino acids corresponding to each distinctive structural feature.  Authors, please upload this screen capture to your project page.  
2.9. Now, annotate the distinct structural regions on the DNA sequence in ApE by opening the DNA sequence, selecting it and clicking ORFs, Translate. Then click on the last amino acid of the first region to highlight its position in the DNA sequence, and select the nucleotides coding for that region.  Right-click on the selection and select New Feature to give it a name and a color.  Repeat the process for each structural region identified in the previous step [1].
2.9.1.  SCREEN: To be provided by the authors- Screen capture movie as talent opens the DNA sequence, selects it and clicks ORF, Translate. Talent then clicks on the last amino acid of the first region, and selects the nucleotides coding for the amino acids in a that region. Talent right-clicks on the selection and selects 'New Feature' to give it a name and a color.  Talent moves on to the next structural region.  Authors, please upload this screen capture to your project page.  
(Author Comment: The original way this step had been written was too complicated, it is difficult to know the nucleotides coding for a region without first translating the DNA sequence)
2.10. To align the residue sequences of the two proteins, first obtain the full amino acid sequences of donor and receptor proteins in ApE.  As before, open the donor DNA sequence, select it, and click ORFs, Translate [1].
2.10.1. SCREEN: To be provided by the authors- Screen capture movie as talent opens the donor DNA sequence, selects it and clicks ORFs, Translate.  Authors, please upload this screen capture to your project page.  
(Author Comment: Receptor DNA sequence had been translated in the previous step, after the modification)
2.11. Then, access the Clustal Omega webpage and input the amino acid sequences of the two proteins. Each sequence should be preceded by a text line with >ProteinName to be properly identified. Scroll down and click Submit [1].
2.11.1. SCREEN: To be provided by the authors- Screen capture movie as talent navigates to the Clustal Omega webpage and inputs the amino acid sequences of the two proteins, highlighting the '>ProteinName' at the beginning of the text line. Talent scrolls down and click 'Submit'.  Authors, please upload this screen capture to your project page.  
(Author Comment: Modified because, once ‘Submit’ is clicked, the protein names can no longer be highlighted)
2.12. Retrieve the alignment file by clicking the Download alignment file tab and save it. This file can be opened by any text editing program.  Using the alignment file as a reference, annotate the corresponding structural regions of the donor protein in their DNA sequence [1].
2.12.1. SCREEN: To be provided by the authors- Screen capture movie as talent retrieves the alignment file by clicking the 'Download alignment file' tab and saves it.  Using the alignment file as a reference, annotate the corresponding structural regions of the donor protein in their DNA sequence.  Authors, please upload this screen capture to your project page.  
2.13. Create a copy of the annotated DNA sequence of the receptor protein, and rename it as a chimeric protein.  Open the renamed DNA sequence in ApE. Select the region to be exchanged in the donor protein, then select the corresponding region in the renamed receptor protein. Paste the donor protein DNA sequence, and then save the changes [1].
2.13.1. SCREEN: To be provided by the authors- Screen capture movie as talent creates a copy of the annotated DNA sequence of the receptor protein and rename it as a chimeric protein.  Talent opens the renamed DNA sequence in ApE, selects and deletes the nucleotide sequence coding for the region to be exchanged  then goes to the donor protein, selects the region to be exchanged and copies it. Finally, talent replaces the sequence by the corresponding region in the donor protein in the renamed DNA sequence by selecting it and clicking ‘Paste’, then save the changes.  Authors, please upload this screen capture to your project page.  
(Author Comment: Done in this way, it is easier to ensure that the chimeric region is inserted at exactly the same spot in the DNA sequence)
3. Preparation for Molecular Cloning
3.1. Design the terminal primers using a DNA editor such as ApE.  Create a new DNA file.  Initiate the N-terminal primer with a leader sequence, followed by the first restriction site selected in the vector's MCS, an optional spacer, and the initial 18 to 27 base pairs of the gene of interest [1]. 
3.1.1. SCREEN: To be provided by the authors- Screen capture movie as talent designs the terminal primers using a DNA editor such as ApE.  Talent creates a new DNA file and initiate the N-terminal primer with a leader sequence, followed by the first restriction site selected in the vector's MCS, an optional spacer and the initial 18-27 base pairs of the gene of interest. Authors, please upload this screen capture to your project page.  
3.2. In a new DNA file, design the C-terminal primer sequence to start with the final 18 to 27 base pairs of the gene of interest, followed by an optional spacer, the second restriction site chosen, and a leader sequence.  Highlight the whole sequence, right-click and select Reverse-Complement to obtain the reverse primer [1].
3.2.1. SCREEN: To be provided by the authors- Screen capture movie as talent makes the C-terminal primer sequence to start with the final 18 to 27 base pairs of the gene of interest, followed by an optional spacer, the second restriction site chosen, and a leader sequence.  Talent highlights the whole sequence, right-clicks and selects 'Reverse-Complement' to obtain the reverse primer.  Authors, please upload this screen capture to your project page.  
3.3. Now, design primers for each of the border regions in the chimeric constructs.  In the DNA sequence of the chimera highlight a 30 base pair region in the zone where the original and inserted sequences are in contact.  This is comprised of 15 base pairs in each sequence.  Copy the region and paste it in a new DNA file; this sequence will be the forward primer [1].
3.3.1. SCREEN: To be provided by the authors- Screen capture movie as talent goes to the DNA sequence of the chimera and highlights a 30 base pair region in the zone where the original and inserted sequences are in contact, comprising 15 base pairs of each sequence.  Talent copies the region and pastes it in a new DNA file.  Authors, please upload this screen capture to your project page.  
(Author Comment: Changed because the DNA sequence of the chimera should still be open from the previous steps)
3.4. Make a copy of the forward primer generated in the previous step and rename it as the reverse primer.  Highlight the primer sequence, right-click and select Reverse-Complement to generate the reverse primer sequence [1].
3.4.1. SCREEN: To be provided by the authors- Screen capture movie as talent makes a copy of the forward primer generated in the previous step and renames it as reverse primer.  Talent highlights the primer sequence, right-clicks and selects 'Reverse-Complement' to generate the reverse primer sequence. Authors, please upload this screen capture to your project page.  
3.5. Repeat these steps for each contact zone in the chimeric DNA sequence.  Generally, two sets of forward/reverse primers are required to generate one chimera, unless the replacement occurs at the N-terminal or C-terminal regions [1].
3.5.1. MED: Talent works at the computer to repeat the steps.
4. Polymerase Chain Reaction (PCR) Amplification of the Individual DNA Fragments Forming the Chimera and to Generate the Chimeric DNA Sequence
4.1. Prepare an individual PCR reaction mixture for each of the fragments composing the chimeric protein [1].  First set a 1.5 milliliter microfuge tube on ice and pipet the different reagents of the PCR mixtures in the order listed in the text protocol [2-TXT].  Ensure correct primers and templates are employed for each PCR reaction [3-TXT]. 
4.1.1. MED: Talent prepares to set up the PCR reaction mixture by bringing the reagents to the bench. Use labeled containers.
4.1.2. CU: 1.5 mL microfuge tube as talent places it on ice and pipettes the different reagents of the PCR mixtures into the tube.  Use labeled containers. TEXT: See Table 1 in the text
4.1.3. CU: 1.5 mL microfuge tube on ice as talent pipettes the primers and templates in.  Use labeled containers. TEXT: See Table 2 in the text
4.2. Label two thin-walled 0.2 milliliter PCR tubes for each reaction, and transfer 20 microliters of the corresponding PCR mixture in each tube [1].  Transfer the PCR tubes into a PCR thermocycler and initiate the protocol as detailed in the text protocol [2-TXT]. 
4.2.1. MED: Talent transfers 20 microliters of the corresponding PCR mixture in each labeled tube.
4.2.2. CU: PCR machine as talent places the PCR tube there, shuts the lid and starts the run.  TEXT: See Table 3 in the text 
4.3. After the PCR reaction is completed, add 4 microliters of 6x DNA loading buffer in each tube [1].  Insert the 1% agarose gel in an electrophoresis unit and cover with TAE buffer [2].  Carefully load the samples into the gel along with a molecular weight ladder [3]. 
4.3.1. CU: Sample tubes as talent adds 4 microliters of 6x DNA loading buffer in each tube.  Use labeled containers.
4.3.2. MED: Talent inserts an agarose gel in an electrophoresis unit and covers with TAE buffer.
4.3.3. CU: Sample tubes as talent loads the samples into the gel along with a molecular weight ladder.
4.4. After running the gel at 80 to120 Volts for 20 to 45 minutes, turn off the electrophoresis unit and remove the agarose gel [1].  Visualize the amplified DNA bands under UV light [2].  
4.4.1. MED: Talent turns off the electrophoresis unit and removes the agarose gel.
4.4.2. MED-over the shoulder: Talent visualizes the amplified DNA bands under UV light
4.5. Using a razor blade, cut out the individual DNA fragments from the gel, and transfer them to labeled 2 milliliter microfuge tubes [1].
4.5.1. CU or ECU: Agarose gel as talent cuts out an individual DNA fragment. 
4.6. After using a PCR clean-up kit to purify the DNA fragments, quantify the amount of DNA recovered by measuring the absorbance of the sample at 260 nanometers and 340 nanometers in a spectrophotometer [1].
4.6.1. MED: Talent pipettes 2 microliters of solution onto the nanodrop and begins to read the absorbance.
4.7. Now, perform PCR Amplification to generate the chimeric DNA sequence [1].  First set up 50 microliters of a PCR reaction to fuse the separate constituents of the chimera as before.  Employ the N-terminal and C-terminal primers along with 10 nanograms of each of the amplified DNA fragments [2].
4.7.1. MED: Talent sets up the PCR reaction.  Use labeled containers.  Continue action in next shot.
4.7.2. CU: Tubes as talent works to set up the PCR reaction using labeled containers. 
4.8. Recover and quantify the purified DNA fragment, as before, in 30 microliters of nuclease-free water.  This fragment contains the chimeric DNA sequence, flanked by the restriction sites included in the terminal primers [1-TXT].  
4.8.1. CU: Isolation column as talent pipettes 30 microliters of nuclease-free water into it.  Use labeled containers, kit can be in view.  TEXT: See text for Chimeric DNA insertion







Section – Results
5. Results: Generation of the Oncostatin M BC Loop Chimera  
5.1. Generation of a chimeric protein is exemplified with two members of the interleukin-6 cytokine family [1]: oncostatin M… [2] and leukemia inhibitory factor [3].  The OSM-LIF chimera results from exchanging the BC loop region of OSM with the corresponding LIF sequence [4].
5.1.1. Video.Fig2.psd 
5.1.2. Video.Fig2.psd – Video editors, please emphasize the OSM structure on the right of the figure.
5.1.3. Video.Fig2.psd – Video editors, please emphasize the LIF structure on the left of the figure.
5.1.4. Video.Fig2.psd – Video editors, please emphasize the chimera structure on the bottom of the figure.
5.2. The first PCR amplification step consisted of three separate reactions [1].  The N-terminal OSM fragment, which required N-terminal OSM forward and BC start reverse primers, used OSM as the template [2]. 
5.2.1. Video.Fig5A.psd 
5.2.2. Video.Fig5A.psd – Video editors, please emphasize the band in the lane labeled “N-terminal OSM fragment.”
5.3. The LIF BC loop was obtained through BC start forward and BC end reverse primers, using LIF as the template [1].  The C-terminal OSM fragment used BC end forward and C-terminal OSM reverse primers, as well as OSM as the template [2]. 
5.3.1. Video.Fig5A.psd – Video editors, please emphasize the band in the lane labeled “LIF BC loop.”
5.3.2. Video.Fig5A.psd – Video editors, please emphasize the band in the lane labeled “C-terminal OSM fragment.”
5.4. These purified fragments were then used as the template in the second PCR reaction, along with N-terminal OSM forward and C-terminal OSM reverse primers [1], to amplify the corresponding OSM-LIF BC loop gene sequence [2]. 
5.4.1. Video.Fig5B.psd 
5.4.2. Video.Fig5B.psd – Video editors, please emphasize the band in the lane labeled “OSM BC loop chimera.”
5.5. Following purification and transformation into E. coli, individual plasmids were isolated and screened by restriction enzyme digestion for proper insertion of the DNA fragment [1].  Gel electrophoresis revealed positive hits that were then sent for sequence verification [2].
5.5.1. Video.Fig6.psd 
5.5.2. Video.Fig6.psd – Video editors, please emphasize the 4 bands labeled “OSM BC loop chimera (721 bp).”




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

6.1. Juan M. Adrian-Segarra: Chimeric proteins have to be produced and their activity measured in appropriate functional readout systems in order to determine the importance of the replaced regions for that particular function [1].  

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.2. Jochen Pöling: This technique has been very useful and frequently applied in the field of signaling receptors in order to identify key functional domains and receptor recognition sites [1].

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Juan M. Adrian-Segarra: The ethidium bromide used for DNA electrophoresis should be handled by using disposable nitrile gloves, a laboratory coat and protective eyewear [1]. 

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