Submission ID #: 55417
Editor Name: Agnieszka Denslow
Videographer name: Michael Geier
Film Date: 1/12/2017
Article Link: http://www.jove.com/files_upload.php?src=16902233
Authors and Affiliations: Chien-Wen Chen, Chi-Yao Chang
Institute of Cellular and Organismic Biology, Academia Sinica, Taipei, Taiwan

Title: Peptide Scanning-assisted Identification of a Monoclonal Antibody-recognized Linear B-cell Epitope 

Corresponding Author: 

Chang, C.Y.,
cychang@gate.sinica.edu.tw
Co-authors:
Chen, C.W.

chienwen@gate.sinica.edu.tw

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  

B.   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.) __________4.3-4.4_________________________________
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.) ______4.4_____________________
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? ________________50 m___________________________________
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 protocol is to identify a monoclonal antibody-recognized linear B-cell epitope using serially truncated recombinant proteins and peptide scanning by dot-blot hybridization. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Chi-Yao Chang: This method can help answer key questions concerning the molecular interaction between antigen and antibody [1-MED]. 
1.1.1. Chi-Yao speaks toward camera, interview style.
1.2. Chi-Yao Chang: The main advantages of this technique are its simplicity and efficiency [1-MED]. 
1.2.1. Chi-Yao speaks toward camera, interview style.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Chi-Yao Chang: The identified epitope can then be used in further investigations such as in therapeutic and diagnostic applications. 

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Chi-Yao Chang: Demonstrating the procedure will be Chien-Wen Chen, a post doc from my laboratory [1-MED]. 
1.4.1. Chi-Yao speaks toward camera, interview style. Editors, please use as audio as 1.4.2 is shown.
1.4.2. Chien-Wen Chen looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):

2. Preparation of Monoclonal Antibody 
2.1. To begin, grow RG-M56 (pronounced: r-g m-fifty-six) mouse monoclonal hybridoma cells in hybrid-serum free medium [1-MED-over the shoulder]. Maintain cell cultures in 175T flasks at 37 ºC, 5% CO2 [2-WIDE-TXT]. 
2.1.1. Talent sits by the laminar flow hood and adds medium to a 175T flask, 
2.1.2. Talent places the flask in an incubator, TEXT: 37 ºC, 5% CO2
2.2. After five days of incubation, collect the culture medium after it has turned yellow [1-MED- over the shoulder] and centrifuge the supernatant at 4,500 × g for 30 min at 4 ºC [2-MED]. Then, discard the pelleted cell debris to obtain the antibody in solution [3-CU]. 
2.2.1. Talent transfers the culture medium from the culture flask to a centrifuge tube.
2.2.2. Talent places the tube in a centrifuge, please include centrifuge settings in shot.
2.2.3. Supernatant is aspirated with a pipette and transferred into a new tube.
2.3. Next, add 2 mL of 50% protein G agarose slurry to a 5-mL column [1-CU] and equilibrate the resin with 10 ml of ice-cold PBS, equaling to 10 volumes of preloaded resin [2-MED]. 
2.3.1. Talent adds agarose slurry to the column with a pipette. 
2.3.2. Talent loads PBS onto the column. Please get multiple usable takes, shot will be repeated later.
2.4. Load 200 mL of the previously prepared antibody solution onto the equilibrated column [1-MED-over the shoulder] and discard the fraction that passes through the column [2-MED]. 
2.4.1. Talent loads the yellow solution onto the column.

2.4.2. Talent disposes of the collected liquid.
2.5. Using 10 mL of ice-cold PBS, wash the column twice [1-TXT].
2.5.1. Use shot 2.3.2, TEXT: Repeat wash 2x.
2.6. Finally, to elute the antibody from the resin, add 10 mL of 50 mM glycine solution at pH 2.7 to the column [1-MED-over the shoulder]. Collect 900-μL fractions in microcentrifuge tubes previously filled with 100 μL of 10x neutralization buffer [2-CU-TXT].
2.6.1. Talent adds solution to the column.
2.6.2. The liquid is being eluted into a microcentrifuge tube, show at least two tubes in focus, one collecting the eluate and the second pre-filled with buffer TEXT: See text protocol for details on buffer composition. 
2.7. Store the purified antibody in 50% glycerol solution supplemented with sodium azide, at -20 ºC [1-WIDE-TXT].
2.7.1. Talent places the samples in a freezer, TEXT: Store antibody in 50% glycerol, 0.03% NaN3, -20 ºC.
3. Construction and Expression of Serially Truncated Recombinant Proteins 

3.1. Prepare the constructs and transform E. coli BL-21 cells as described in the text protocol [1-WIDE]. Then, transfer a single colony into a 15 mL tube containing 3 mL of LB broth supplemented with 100 μg/mL ampicillin, and loosely cap the tube [2-MED]. 
3.1.1. Talent places the culture plates on the bench.
3.1.2. Talent transfers a bacterial colony into one of the tubes and caps it.

3.2. Incubate the culture at 37 ºC with 150 rpm shaking [1-WIDE-TXT]. 
3.2.1. Talent places the culture in a shaker, TEXT: 37 ºC, 150 rpm 

3.3. Monitor the optical density of the culture at 600 nm [1-MED-over the shoulder]. When it reaches about 0.6, cool the culture to 25 ºC [2-MED]. 
3.3.1. Talent measures the optical density.
3.3.2. Show talent shifting the temperature (changing temp of shaker or placing culture in different shaker).
3.4. Then, add IPTG (pronounced: i-p-t-g) at a final concentration of 0.4 mM to induce the expression of the recombinant protein [1-CU]. Incubate the culture for another 4 h at 25 ºC with 200 rpm shaking [2-MED-TXT].
3.4.1. IPTG is added to the protein solution

3.4.2. Talent places the culture in a shaker, TEXT: 4 h, 25 ºC, 200 rpm
3.5. After incubation, transfer 1 mL of the bacterial culture into a microcentrifuge tube [1-MED-over the shoulder]. Centrifuge the cells at 12,000 × g for 1 min and discard the supernatant [2-MED]. 
3.5.1. Talent transfers medium into a microcentrifuge tube with a pipette.
3.5.2. Talent places a sample in a centrifuge. Please show centrifuge settings in focus.
3.6. Pipetting up and down with a micropipette, re-suspend the cell pellet in 100 μL of denaturation buffer [1-CU-TXT] and mix the resulting suspension by vigorous vortexing to obtain a ready-to-use recombinant protein sample [2-MED].
3.6.1. Cell pellet is being resuspended by repetitive solution pipetting, TEXT: See text protocol for preparation of denaturation buffer.
3.6.2. Solution is being mixed on the vortex.
4. Dot-blot Hybridization
4.1. To proceed with dot-blot hybridization, dissolve each synthetic peptide in DMSO to obtain 10 mg/mL solutions [1-MED-over the shoulder]. 
4.1.1. Talent adds DMSO to the peptide. 
4.2. Then, activate the PVDF membrane in methanol for 2 min and equilibrate it with modified Towbin buffer for another 2 min [1-MED-TXT].
4.2.1. Show membrane soaked in methanol, then Talent transfers the membrane to modified Towbin buffer, TEXT: Modified Towbin buffer: 25 mM Tris, 192 mM glycine, and 0.1% SDS, pH 8.3
4.3. Rinse a piece of chromatography paper with modified Towbin buffer, and lay the equilibrated PVDF membrane on it [1-MED]. Let the membrane sit until the buffer disappears from its surface [2-CU-TXT]. 
4.3.1. *Film as written. Please show the membrane in focus. 
4.3.2.  Show the membrane when it is already dry, TEXT: Do not continue the protocol unless the PVDF membrane is dry.
4.4. Using a 10-μL tip, add 2 μL of each peptide or recombinant protein sample onto the membrane and let it air-dry for 10 min [1-ECU-TXT]. 
4.4.1. Peptide samples are added with a pipette onto the membrane, show how the solution is layered over the membrane, TEXT: Add samples slowly and gradually to avoid diffusion.
4.5. Chien-Wen Chen: Spotting a sample onto the membrane is the most critical step in this protocol. Loading a precise amount of a sample onto a small area of the PVDF membrane needs careful attention [1-MED].
4.5.1. Chien-Wen Chen speaks toward camera, interview style.
4.6. Next, block the membrane in TBST buffer supplemented with 5% nonfat milk for 30 min at room temperature with gentle shaking [1-MED-TXT].
4.6.1. Talent soaks the membrane in milk solution and places the membrane on the bench rocker, TEXT: TBST buffer: 0.05% (v/v) Tween-20, 20 mM Tris, 150 mM NaCl, pH 7.4
4.7. Dilute the RG-M56 monoclonal antibody in TBST buffer supplemented with 5% nonfat milk [1-CU-TXT], and add the antibody solution to the membrane [2-MED]. Incubate the membrane at 37 ºC for 1 h with gentle shaking [3-WIDE].
4.7.1. Talent adds antibody to the TBST solution, TEXT: Dilution ratio of 1:1,000 
4.7.2. Talent adds the solution to the membrane. 
4.7.3. Talent places the membrane in an incubator. Please get multiple usable takes, shot will be repeated later
4.8. After incubation, remove the antibody solution [1-MED] and wash the membrane twice in TBST buffer for 5 min, with gentle shaking [2-MED-over the shoulder]. 
4.8.1. Talent removes the antibody solution.

4.8.2. Talent adds TBST and places the membrane on a bench rocker. Please get multiple usable takes, shot will be repeated later.
4.9. Then, add to the membrane the solution of the secondary antibody diluted in TBST buffer with 5% nonfat milk [1-MED-TXT]. Incubate the membrane for 1 h at 37 ºC with gentle shaking [2]. 
4.9.1. Talent adds a secondary antibody solution to a membrane, TEXT: E.g. goat anti-mouse IgG, Fc-specific antibody, diluted 1:5,000

4.9.2. Use shot 4.7.3
4.10. Upon incubation discard the antibody solution [1-MED] and wash the membrane in TBST buffer twice for 5 min with gentle shaking [2].
4.10.1. Talent removes the antibody solution.

4.10.2. Use shot 4.8.2.
4.11. Then, develop the membrane with the substrate solution [1-MED-TXT] at room temperature for 15 min in the dark [2-CU]. 
4.11.1. Talent adds substrate solution to a membrane, TEXT: Substrate: 5-bromo-4-chloro-3-indolyl phosphate/nitro blue tetrazolium (BCIP/NBT)
4.11.2. Talent covers the membrane with aluminum foil and leaves it on the bench 
4.12. When the signal appears, stop the reaction by washing the membrane with ddH2O [1-CU].
4.12.1. Show the color signal on the membrane then talent washes it.
4.13. After air-drying the membrane, capture the dot-blot image using an imaging system [1-MED].
4.13.1. Talent places the dry membrane into the imaging system.
4.14. Finally, using image analysis software, measure the intensity of each dot blot [1-MED-over the shoulder][2-LM].
4.14.1. Show Talent measuring dot blot intensity
4.14.2. To be provided by the authors, screen shot of the dot-blot intensity analysis.
5. Results: Recognition of the Epitope Region by Dot-blot Hybridization 
5.1. Presented here is the full-length nervous necrosis virus coat protein, comprising amino acids 1-338 [1-LM], along with its serially truncated variants [2-LM]. 
5.1.1. Figure 1A, Fig 1.tiff: Show Figure 1A as provided by the authors, emphasize the first sequence.

5.1.2. Figure 1A, Fig 1.tiff: Emphasize sequences 2 to 5. 
5.2. To confirm the expression of the proteins in the transformed bacterial cells, dot-blot analysis using anti-6xHis antibody was performed [1-LM], showing the presence of all the proteins under investigation [2-LM]. 
5.2.1. Figure 1A, 1B, Fig 1.tiff: Show Figure 1A from the previous step and the photograph of the left membrane from the Figure 1B. 

5.2.2. Figure 1A, 1B, Fig 1.tiff: Point with arrows at the dots visible on the membrane.
5.3. Then, the recombinant proteins were analyzed by dot-blot hybridization in which the RG-M56 monoclonal antibody was used [1-LM]. The analysis revealed that the protein epitope recognized by the antibody is found in peptide 195-338 [2-LM]. 
5.3.1. Figure 1A, 1B, Fig 1.tiff: Show figure from the previous step with the right membrane from Figure 1B added. 
5.3.2. Figure 1A, 1B, Fig 1.tiff: Point with arrows at the two lower dots on the right membrane. 
5.4. Finally, an epitope consisting of 20 or 8 amino acid residues was identified by peptide scanning [1-LM]. 
5.4.1. Figure 2A and 2B, Fig 2.tiff: Show figure 2A and 2B as provided by the authors. Emphasize the first sequences of 2A and 2B.
5.5. Alanine scanning showed that substitutions of valine residues at positions 197 [1-LM] and 199 [2-LM] as well as a cysteine at 201 [3-LM] abolished the epitope’s binding capability in dot-blot hybridization.
5.5.1. Figure 3A, 3B, Fig 3.tiff: Show figure 3A as provided by the authors. Point with arrows at the sequence 4 and highlight A197. 
5.5.2. Figure 3A, 3B, Fig 3.tiff: Point with arrows at the sequence 6 and highlight A199. 
5.5.3. Figure 3A, 3B, Fig 3.tiff: Point with arrows at the sequence 8 and highlight A201.
5.6. Similarly, the decreased binding affinity was observed in binding intensity analysis [1-LM], confirming that the identified residues are essential for the epitope’s binding to the RG-M56 monoclonal antibody [2-LM].
5.6.1. Figure 3B, Fig 3.tiff: Show figure 3B as provided by the authors. 
5.6.2. Figure 3B, Fig 3.tiff: Highlight the bars: 4, 6 and 8.
6. Conclusion (said by authors on camera)
6.1. Chi-Yao Chang: This epitope identification technique can be used to develop therapeutic peptide drugs or peptide vaccines [1-MED]. 
6.1.1. Chi-Yao Chang speaks toward camera, interview style.
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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