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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.) _2.9, 2.10, 3.3, 3.4, 3.11  
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.) __2.2__，__3.4.____________________
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) __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 ____produce a functional bispecific antibody targeting the tumor cells . (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Yanlan Wang: This method can help answer key questions in the  bispecific antibody  field, such as _how to produce the _bispecific antibody in the bacteria_and determine the function of the purified antibody [1-MED].
1.1.1. Yanlan speaks towards the camera, looking slightly off frame, interview style. 
1.2. Yanlan Wang: The main advantage of this technique is that GPC3 can be easily produced and purified from E. coli [1-MED].
1.2.1. Yanlan 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.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at Sun Yat-Sen University.
Protocol: (read by voice talent at JoVE)
2. GPC3-S-Fab Periplasmic Purification
2.1. To prepare the periplasmic fraction, first centrifuge the cell suspension at 4000 x g for 30 minutes at 4 degrees Celsius [1-MED over the shoulder]. Then expel the medium [2-CU] and weigh the cells [3-MED].
2.1.1. Talent leaves the tube in the centrifuge machine and starts the run. Centrifuge settings should be in the shot, if possible.

2.1.2. Talent expels the medium.

2.1.3.  Talent weighs the cells.
2.2. After centrifugation, dissolve the cell pellet in 4 milliliters of ice-cold sucrose solution for each gram of cells [1-CU-TXT]. Incubate the cell suspension on ice for 15 minutes [2-MED]. After 15 minutes, centrifuge the cell suspension at 8,500 x g for 20 minutes at 4 degrees Celsius [3-MED over the shoulder]. 
2.2.1. Talent dissolves the cell pellet in ice cold sucrose solution. Tube label with the sucrose solution should be in the shot, if possible. Text Overlay: 20 mM of Tris-HCl, pH 7.5; 25% (w/v) sucrose and 1 mM of EDTA

2.2.2.  Talent leaves the tube on ice and starts the timer. Timer should be in the shot, if possible. 
2.2.3.  Talent leaves the tube in the centrifuge machine and starts the run. Centrifuge settings should be in the shot, if possible
2.3. Then, pipet out the supernatant containing the sucrose fraction and store on ice [1-CU]. Resuspend the cell pellet in ice cold mixture of 5 millimolar magnesium chloride and 1 millimolar PMSF [2-CU-TXT]. 

2.3.1. Talent draws the supernatant out and incubates on ice.

2.3.2.  Talent dissolves the cell pellet in a mixture of reagents. Tube labels with the reagents should be in the shot, if possible. Text Overlay: PMSF: phenylmethane sulfonyl fluoride
2.4. Then, add 40 microliters of 15 milligrams per milliliter of the lysozyme stock to the cell suspension [1-CU]. After adding the lysozyme stock, leave the cell suspension on ice for 30 minutes [2-MED]. 
2.4.1. Talent adds lysozyme stock to the cells 
2.4.2. Talent leaves the tube on ice and starts the timer. Timer should be in the shot, if possible. Tube label with lysozyme concentration should be in the shot, if possible. 

2.5. After the incubation period is over, combine the sucrose and the periplasmic fractions [1-CU]. Then centrifuge the sucrose-periplasmic fraction at 30,000 x g for 30 minutes at 4 degrees Celsius [2-MED over the shoulder].

2.5.1. Talent combines the sucrose and the periplasmic fractions together. Tube labels should be in the shot, if possible. 

2.5.2.  Talent leaves the tube in the centrifuge machine and starts the run. Centrifuge settings should be in the shot, if possible

2.6. After the centrifugation is over, transfer the supernatant in a 50 milliliter conical tube on ice [1-CU]. 

2.6.1. Talent transfers the supernatant to a 50 milliliter conical tube on ice.

2.7. Next, mix and resuspend 1 milliliter of Ni-NTA (pronounce as Nickel-NTA) agarose with the supernatant to obtain a homogeneous suspension [1-CU]. Then remove 1 milliliter of Ni-NTA agarose to a fresh 15 milliliter conical tube [2-CU]. To the agarose, add 10 column volumes of the equilibration buffer [3-CU-TXT].
2.7.1. Talent mixes the agarose with the supernatant to a homogenous suspension.
2.7.2.  Talent transfers the agarose to a conical tube.

2.7.3.  Talent adds equilibration buffer to the agarose. Tube label with the equilibration buffer should be in the shot, if possible. Text Overlay: 25 mM of Tris-HCl, pH 7.5; 1 M of NaCl
2.8. Then centrifuge the agarose at 400 x g for 5 minutes [1-MED over the shoulder]. Post centrifugation, carefully remove the supernatant [2-CU] and add the Ni-NTA (Nickel NTA) agarose to the sucrose-periplasmic fraction [3-CU]. Then rock the sucrose-periplasmic fraction containing tube at 4 degrees Celsius for 2 hours [4-MED].
2.8.1. 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.
2.8.2.  Talent removes the supernatant.

2.8.3.  Talent adds the agarose to the sucrose-periplasmic fraction.

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

2.9. Again, centrifuge the mixture [1]. Then carefully remove the supernatant to a fresh ice-cold tube, since this is the unbound fraction [2-CU]. After the supernatant is transferred, add the Ni-NTA agarose in the gravity column [3-CU].
2.9.1. Use shot 2.8.1. 

2.9.2.  Talent transfers the supernatant to a fresh ice-cold tube.

2.9.3. Talent adds the Ni-NTA agarose in the gravity column. 
2.10. Then, add 3 column volumes of elution buffer to the column [1-CU-TXT]. Next, collect the eluate as elution fractions 1, 2, 3 and 4 respectively [2-CU-TXT].
2.10.1. Talent adds elution buffer to the column. Text Overlay: Refer to the text for the composition of the elution buffer. 

2.10.2. Talent collects the eluate. All tube labels should be in the shot, if possible. Text overlay: These solutions should be added in increasing concentrations of imidazole
3. Cytotoxic Assay
3.1. Then dilute and seed 5000 cells in 100 microliters in each well of a 96 well plate [2-CU]... Incubate the plate at 37 degrees Celsius for 6-8 hours for attachment [3-MED].
3.1.1. Talent shows the petri-dishes with the ongoing culture. Text Overlay: HepG2, Hep3B, Huh7, MHCC-97H and CHO cell lines. This shot was not filmed- The shotlist from videographer didn’t have this step.  
3.1.2.  Talent dilutes and then starts adding cells to the wells. Text Overlay: HepG2, Hep3B, Huh7, MHCC-97H and CHO cell lines. In cytotoxicity assay, we didn’t use this cell line, this cell line was just used in flow cytometry. 
3.1.3.  Talent leaves the plates in the incubator.

3.2. To prepare the PBMCs, first dilute the freshly prepared blood with an equal volume of phosphate buffered saline in a 50 milliliter conical tube [1-CU-TXT]. Then pipette 15 milliliters of lymphocyte separation medium in a fresh 50 milliliter conical tube [2-CU].

3.2.1. Talent dilutes the blood with the buffer in a conical tube. Tube label with the buffer should be in the shot, if possible. Text Overlay: PBMC: peripheral blood mononuclear cells

3.2.2. Talent adds medium in another conical tube. Tube label with the medium should be in the shot, if possible. 
3.3. Next, carefully transfer the diluted blood along the walls of the tube to the lymphocyte separation medium [1-CU-TXT]… Then, centrifuge the cells at 400 x g for 35 minutes at room temperature with the brakes off [2-MED over the shoulder].

3.3.1. Talent carefully pipettes the blood along the wall of the tube to the medium. Text overlay: Place the tube vertically and do not break the surface of the lymphocyte separation medium.
3.3.2.  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.
3.4. Post centrifugation, carefully draw the upper plasma layer out [1-ECU]. Then, pipette the white blood layer containing the PBMCs [2-CU-TXT]. Dilute these PBMCs obtained with double the volume of phosphate buffered saline with 2 percent fetal bovine serum [3-CU]. Then, centrifuge the PBMC suspension [4].
3.4.1. Talent draws the upper plasma layer out. 

3.4.2.  Talent pipettes the white blood layer out. Text Overlay: PBMCs are present in the plasma-lymphocyte separation medium interface
3.4.3.  Talent dilutes the PBMCs with double volumes of buffer. Tube label with the buffer should be in the shot, if possible.

3.4.4.  Use shot 2.8.1.

3.5. Next, wash the cell pellet with phosphate buffered saline containing 2 percent fetal bovine serum [1-CU] and again centrifuge [2]. After centrifugation, count the cell number [3-MED over the shoulder]. 

3.5.1. Talent adds buffer to wash the cells. Tube label with the buffer should be in the shot, if possible.
3.5.2. Use shot 2.8.1.

3.5.3. Talent counts the cell number using a hemocytometer. Videographer: Use multiple takes as this shot will be reused later.
3.6. To prepare the natural killer cells, reconstitute the PBMCs in phosphate buffered saline with 2 percent fetal bovine saline [1-CU-TXT]. Then transfer the mixture in a polystyrene round bottom tube [2-CU].
3.6.1. Talent dissolves the PBMCS in the buffer. Tube label with the buffer should be in the shot, if possible. Text Overlay: 5 x 107 cells/mL
3.6.2.  Talent transfers the mixture in the polystyrene tube. 

3.7. Then, add, 50 microliters per milliliter of natural killer cell enrichment cocktail to the PBMC mixture [1-CU]. Mix the contents and leave the tube for 10 minutes [2-MED]. 

3.7.1. Talent adds cocktail mixture to the PBMCs in the tube. Tube label with the cocktail mixture should be in the shot, if possible.

3.7.2.  Talent pipettes the mixture and leaves the tube on the bench space for incubation and starts the timer. Timer should be in the shot, if possible.
3.8. Next, resuspend and mix the magnetic particles present in the enrichment cocktail by pipetting multiple times such that the particles are uniformly suspended [1-CU]. Then add 100 microliters per milliliter of magnetic particles to the cell suspension [2-CU].
3.8.1. Talent pipettes the magnetic particles in the cocktail mixture several times. Tube labels, if any, should be in the shot, if possible.

3.8.2. Talent adds the magnetic particles to the cell suspension.

3.9. Mix the cell suspension-magnetic particles and incubate at room temperature for 5 minutes [1-MED over the shoulder]. After 5 minutes, add 2.5 milliliters of phosphate buffered saline with 2 percent fetal bovine serum to the cell suspension [2-CU]. Gently pipet 2-3 times to mix the cells in the tube [3-CU]. 
3.9.1. Talent pipettes to mix the cell suspension, leaves on the bench space and starts the timer on. Timer should be in the shot, if possible. 

3.9.2. Talent adds buffer to the cells. Tube label with the buffer should be in the shot, if possible.

3.9.3. Talent pipettes to mix the cells.
3.10. Then place the tube on the magnet and let the magnetic beads settle down for 2.5 minutes at room temperature [1-MED over the shoulder]. Then, in one stroke of action, invert the tube and pour the enriched cell suspension in a new tube [3-CU].
3.10.1. Talent leaves the tube on the magnet and starts the timer. The timer should be in the shot, if possible.

3.10.2. Talent removes the magnet.  This step was combined with the 3.10.3 in one action.
3.10.3. Talent inverts the tube and transfers the cells to a new tube.

3.11. Again, count the number of cells [1]. Once the counting is over, dilute the natural killer cells in the culture medium [2-CU-TXT]. Then add 100 microliters of the cell suspension to the tumor cells plated in a 96 well plate [3-CU]…
3.11.1. Use shot 3.5.3.

3.11.2. Talent dilutes the cells with the culture medium. Tube label with the culture medium should be in the shot, if possible. Text Overlay: 5 x 105 cells/mL; culture medium: DMEM with 10% FBS
3.11.3. Talent starts adding the cell suspension in each well of the 96 well plate. 
3.12. To set up the cytotoxicity assays, add 10 microliters of varying concentrations of GPC3-S-FAB antibody to the 96 well plate [1-CU-TXT]. Then incubate the plate at 37 degrees Celsius for 72 hours [2-MED over the shoulder]. 

3.12.1. Talent adds the antibody to the wells. Tube labels with varying concentrations of the antibody should be in the shot, if possible. Text Overlay: Highest dose at a final concentration of 30 µg/mL, 3-fold dilution, and 3 replicates
3.12.2. Talent leaves the plate in the incubator. Videographer: Use multiple takes as this shot will be reused later.
3.13. After the designated incubation time, aspirate the medium [1-CU]. Then, add 100 microliters of phosphate buffered saline with 10 microliters of CCK8 reagent in each well of the 96 well plate [2-CU]… Again, incubate the plate at 37 degrees Celsius [3].
3.13.1. Talent removes the medium from the wells.

3.13.2. Talent starts adding the buffer containing reagent to each well. Tube label with the buffer containing reagent should be in the shot, if possible.

3.13.3. Use shot 3.12.2.
3.14. Post incubation, read the plate at 450 nanometers every consecutive hour until 4 hours after the addition of the CCK8 reagent [1-MED over the shoulder].
3.14.1. Talent reads the plate on the plate reader. 
4. Results: Study of the Construction and Functional Importance of Bispecific Antibody GPC3-S-Fab
4.1. The GPC3-S-Fab antibody is purified using a 2-step affinity purification. Here the 2 panels show that the antibody is purified using the Ni-NTA agarose and the IgG-CH1 affinity purification columns respectively [1-LM].
LABMEDIA: 57588_Li_Figure 2A: Editors, please write a caption on the left image “Ni-NTA agarose” and another caption on the right image “IgG-CH1”. Editors, these two images demonstrate the steps for purifying the antibody.
4.2. Next, the binding affinity of the GPC3-S-Fab antibody is evaluated using GPC3-positive and negative liver cancer cell lines. The GPC3-S-Fab binds to all the GPC3 positive cells such as Hep3B, Huh7, HepG2 and CHO/GPC3. Interestingly, no or minimal binding is observed when GPC3 negative cells such as MHCC-97H and CHO are used [1-LM].
LABMEDIA: 57588_Li_Figure 3: Editors, please highlight the plots (blue ones) in 3B, 3C, 3A and 3F in order when the VO mentions, “GPC3-S-Fab binds…CHO/GPC3”. Then, please highlight the blue plots in 3D and then 3E in order when the VO mentions, “no or minimal…CHO are used”. Editors, plots 3A, B, C and F shows strong binding of the antibody to the cells and should be stressed upon.

4.3. The cytotoxicity of the GPC3-S-Fab is also studied in the presence of the tumor cells incubated with fresh natural killer cells. The antibody GPC3-S-Fab elicits strong cytotoxicity against HepG2, Hep3B and Huh7 cells in a dose dependent manner in the presence of the natural killer cells. However, no such cytotoxicity is observed in the absence of the natural killer cells on the MHCC-97H cells [1-LM].
LABMEDIA: 57588_Li_Figure 4: Editors, please highlight the plots, 4A and 4B and 4C when the VO mentions, “antibody GPC3-S-Fab…killer cells”. Then, show Figure 4D when the VO mentions, “no such…MHCC-97H cells. Editors, please stress upon figures A, B and C as these show that the discussed antibody is toxic for the cells.
5. Conclusion (said by authors on camera)
5.1. Yanlan Wang: Once mastered, this technique can be done in _6 hours if it is performed properly [1-MED].
5.1.1. Yanlan speaks towards the camera, looking slightly off-frame, interview style.
5.2. Yanlan Wang: While attempting this procedure, it’s important to remember to keep the steps in ice on ice [1-MED]. We used on ice instead of in ice.
5.2.1. Yanlan speaks towards the camera, looking slightly off-frame, interview style
5.3. Yanlan Wang: Following this procedure, other methods like xenograft modelling can be performed in order to answer additional questions like anti-tumor effect in vivo [1-MED].

5.3.1. Yanlan speaks towards the camera, looking slightly off-frame, interview style
5.4. Yanlan Wang: After its development, this technique paved the way for researchers in the field of bispecific antibody to explore anti-tumor effect_in vitro [1-MED].

5.4.1. Yanlan speaks towards the camera, looking slightly off-frame, interview style
5.5. Yanlan Wang: After watching this video, you should have a good understanding of how to produce a functional bispecific antibody targeting the tumor cells, especially the isolation of the NK cells [1-MED].
5.5.1. Yanlan 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.  

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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