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Authors, please fill out the brief questionnaire below.   

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N____  
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.) ___________________________
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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Guozhou Xu Sayan Chakraborty: This method can help answer key questions in the biochemistry and structural biology field of secreted proteins, such as protein structural determination of secreted proteins by x-ray crystallography and cryo-Electron Microscopy [1-INT].
1.1.1. Guozhou Xu Sayan Chakraborty says the line above in an interview style shot, looking slightly off-camera.
1.2. Guozhou Xu Sayan Chakraborty: The main advantage of this technique is that it produces large amount of recombinant secreted proteins with relatively low cost for protein structural determination [1-INT]
1.2.1. Guozhou Xu Sayan Chakraborty says the line above in an interview style shot, looking slightly off-camera.

Protocol: (read by voice talent at JoVE)
2. Modification of a Baculovirus Expression Vector with either the GP67 Signal Peptide or the Insect Hemolin Signal Peptidefor Plant Protein Secretion Expression
2.1. First, synthesize a DNA fragment containing a 5’ BglII (pronounce “B-G-L-two”) cutting site, the secretion signal sequence of interest, and a multi-cloning site as outlined in the text protocol [1-MED-TXT]. 
2.1.1. Establishing shot of the talent approaching the lab bench with the synthesized DNA in hand. If there is still time in the shot, the talent can set out supplies for the following steps (to modify the expression vector). TEXT: Khorana, H. G. Science. (1979).; See Figure 1 for details on cloning sites
2.2. Next, digest 4 μg of the DNA with BglII and XhoI (pronounce “X-one”), and 4 μg of an expression vector DNA with BamHI (pronounce “Bam-H-one”) and XhoI [1-MED-TXT]. Mix 10 units of each restriction enzyme with the DNA in a 1x concentration reaction buffer [2-MED-TXT]. Incubate at 37 °C for 4 h [3-MED].
2.2.1. Talent digests the synthesized DNA and the expression vector. TEXT: Bahl, C. P., et al. Gene. (1976).
2.2.2. Talent mixes a restriction enzyme and the DNA to a vessel containing concentration reaction buffer. TEXT: See text for buffer composition
2.2.3. Talent transfers the samples to an incubator.
2.3. [1-MED-TXT].
2.3.1. Talent, at the lab bench, sets out a DNA gel extraction kit and then begins using it. Alternatively, any action taken while purifying the excised DNA fragment or the linearized vector DNA can be shown here. TEXT: Xu, W., et al. Methods in Molecular Biology. (2016).
2.4. Add 10-μL of a ligation reaction mixture, containing 1x T4 DNA ligase reaction buffer and 5 units of T4 DNA ligase, to a fresh 1.5 mL Eppendorf tube [1-MED]. Then, add 100 ng of the linearized vector DNA and 400 ng of the digested DNA fragment [2-MED]. Incubate at 16 °C for 16 h [3-MED].
2.4.1. Talent adds the ligation reactor mixture to a 1.5 mL Eppendorf tube.
2.4.2. Talent adds the linearized vector DNA and digested DNA fragment to the tube.
2.4.3. Talent transfers the tube to an incubator.
2.5. Transform 5 μL of the ligation mixture into 100 μL of DH5α competent cells and select the resulting colonies on an ampicillin-LB agar plate, as outlined in the text protocol [1-CU-TXT]. Pick between 5 and 10 colonies, transferring each to 2 mL of LB medium containing 100 μg/mL ampicillin [2-MED].
2.5.1. Close up of the resulting ampicillin-LB agar plate, showing the colonies. Alternatively, any action during the transformation process can be shown here. TEXT: Hanahan, D. Journal of Molecular Biology. (1983).
2.5.2. Talent picks a colony and transfers it to a tube containing 2 mL of LB medium with 100 μg/mL ampicillin.
2.6. Grow these colonies in a shaking incubator at 220 rpm and 37 °C for 16 h [1-MED]. After this, use a DNA miniprep kit to extract each plasmid DNA [TXT]. Confirm the clones by DNA sequencing with a forward sequencing primer as outlined in the text protocol.
2.6.1. Talent transfers the tubes – containing the picked colonies – to a shaking incubator.
2.6.2. Talent, at the lab bench, sets out a DNA miniprep kit and begins using it to extract a plasmid DNA. TEXT: Zhang, S., et al. JoVE. (2007).
2.6.3. Talent, at a workstation computer, reviews the results of DNA sequencing. Alternatively, any action during the DNA sequencing can be shown here.
3. Production and Amplification of Baculovirus Constructs Harboring the Recombinant Protein Expression Cassette 
3.1. Using 100 ng of the construct plasmid, transform 40 μL of DH10Bac (pronounce “D-H-ten-beck” with “beck” rhyming with “peck”) competent cells as outlined in the text protocol [1-MED-TXT]. Incubate the transformation plates at 37 °C for 48 h [2-MED].
3.1.1. Establishing shot of the talent approaching the lab bench with a vessel of the construct plasmid in hand, and then begins to work. Alternatively, any action during the transformation of the DH10Bac cells can be shown here. TEXT: Contreras-Gomez, A., et al. Biotechnology Progress. (2014).
3.1.2. Talent transfers the plates to an incubator.
3.2. Pick up two white colonies from each transformation plate [1-CU], and inoculate each colony in 2 mL of LB medium containing kanamycin, gentamicin, and tetracycline [2-MED-TXT]. Extract and verify the bacmid DNA as outlined in the text protocol [3-MED-TXT].
3.2.1. Close up of a plate as the talent picks up a white colony.
3.2.2. Talent inoculates the picked colony in a tube containing the described medium. TEXT: 50 μg/mL kanamycin; 7 μg/mL gentamicin; and 10 μg/mL tetracycline
3.2.3. Talent, at a workstation computer, reviews data verifying the bacmid DNA. Alternatively, any action during the extraction and verification of this DNA can be shown here. TEXT: Contreras-Gomez, A., et al. Biotechnology Progress. (2014).
3.3. Aliquot each DNA into two tubes, with 20 μL being transferred to each tube [1-MED]. Then, store the tubes at -20 °C until ready to proceed [2-MED].
3.3.1. Talent aliquots each DNA into two tubes.
3.3.2. Talent transfers the tubes to a freezer at -20 °C.
3.4. All subsequent steps must be performed aseptically [1-MED]. In a 6-well plate, grow a monolayer of Sf9 (pronounce “S-F-nine”) cells in the culture media with 10% fetal bovine serum and 100 μg/mL penicillin-streptomycin antibiotics [2-MED], at 27 °C to 80% confluence [3-MED].
3.4.1. Talent cleans the work area. Alternatively, any visual that clearly indicates that aseptic techniques are now being used can be shown here.
3.4.2. Talent transfers cells and medium to a 6-well plate. (Author Comment: The cells were already plated) (Editor: I’m not sure what was shot here, if anything. This is a long line of VO for there to be no shot – but if nothing was provided, maybe we can use another shot where the plate is clearly visible and zoom in on the plate?)
3.4.3. Talent transfers the plate to an incubator at 27 °C.
3.5. For each transfection, add 100 μL of unsupplemented Sf9 cell culture medium without antibiotics to a 1.5 mL centrifuge tube [1-MED]. Dilute 20 μL of bacmid DNA into each tube [2-MED], and gently flick to mix [3-CU].
3.5.1. Talent adds 100 μL of the described medium to a 1.5 mL centrifuge tube. Repeat this action for a few transfections – to show that the action occurs more than once, and to cover the length of the voiceover.
3.5.2. Talent adds 20 μL of bacmid to one of the tubes.
3.5.3. Close up as the talent flicks the tube to mix.
3.6. Next, add 100 μL of unsupplemented Sf9 cell culture medium without antibiotics to a 1.5 mL tube for each transfection [1-MED]. Dilute 8 μL of lipid transfection reagent into each tube [2-MED], and mix by thoroughly pipetting up and down six times [3-MED/CU].
3.6.1. Talent adds 100 μL of the described medium to a 1.5 mL centrifuge tube. Repeat this action for a few transfections – to show that the action occurs more than once, and to cover the length of the voiceover.
3.6.2. Talent adds 8 μL of lipid transfection reagent into one of the tubes.
3.6.3. Talent pipettes the mixture up and down several times to mix it.
3.7. Combine these two solutions [1-MED], and mix them by gently pipetting slowly up and down three times [2-MED]. Incubate for 20 - 40 min at room temperature [3-CU].
3.7.1. Talent combines to two solutions.
3.7.2. Talent gently pipettes the solution up and down to mix it.
3.7.3. Pan over these mixtures as they incubate on the lab bench.
3.8. Wash each well of the culture plate twice, using 3 mL of unsupplemented Sf9 cell culture medium without antibiotics, for each wash [1-MED].
3.8.1. Talent washes a well in the 6-well plate. Film this action being performed twice for a single well to show both washes.
3.9. Next, add 0.8 mL of unsupplemented Sf9 cell culture medium without antibiotics each tube containing the lipid-DNA mixture [1-MED]. Slowly pipette up and down three times to mix [2-CU]. Aspirate the wash media from the plates [3-CU], and overlay the samples with the transfection mixture [4-CU].
3.9.1. Talent adds 0.8 mL of the described medium to a tube containing the lipid-DNA mixture. Repeat this action as needed for the other tubes to cover the length of the voiceover.
3.9.2. Talent pipettes the mixture up and down to mix it.
3.9.3. Close up on the plate as the talent removes the wash media from a well.
3.9.4. Close up on the plate as the talent overlays the samples with transfection mixture. 
3.10. Incubate the transfected plate for 5 h at 27 °C [1-MED]. After this, replace the transfection media with the complete Sf9 cell culture medium, which contains 10% FBS and 100 μg/mL penicillin-streptomycin antibiotics [2-MED]. Incubate at 27 °C for 4 d [3-MED].
3.10.1. Talent transfers the plate to an incubator at 27 °C.
3.10.2. Talent removes the transfection media from a well in the plate, and replaces it with the described Sf9 cell culture medium. Repeat this action for the other wells in the plate as necessary to cover the length of the voiceover narration.
3.10.3. Talent transfers the plate to an incubator at 27 °C.
3.11. Then, collect the supernatant in a sterile 15-mL conical tube [1-MED]. Spin at 1010 x g for 5 min to remove the cell debris [2-MED]. Discard the pellet and decant the supernatant to a clean tube [3-MED].
3.11.1. Talent collects the supernatant from the plate, and transfers it to a 15-mL conical tube.
3.11.2. Talent places the tube into a centrifuge, and then turns the centrifuge on.
3.11.3. Talent decants the supernatant to a clean tube. The pellet should be discarded before this shot.
3.12. Store at 4 °C, for up to 1 year or until ready to use [1-MED].
3.12.1. Talent transfers the tube to a refrigerator at 4 °C.
3.13. To amplify each recombinant virus, first grow a monolayer of Sf9 cells on a 150-mm plate to 80% confluence [1-MED]. Then, aspirate the medium [1-MED], and add 2 mL of the P0 virus to each well [3-CU].
3.13.1. Talent transfers cells/medium to a 150-mm plate. Alternatively, a shot of a plate at the desired confluence can be shown. (Author Comment: The cell plate was already prepared. A close up of the cell plate has been shot. Confluence of the cells were not shown)
3.13.2. Talent removes the medium from each well.
3.13.3. Talent adds 2 mL of the P0 virus to each well.
3.14. Incubate for 1 h in a 27 °C incubator [1-MED], rocking the plate every 15 min to mix the medium with the cells [2-MED/CU].
3.14.1. Talent transfers the plate to an incubator at 27 °C.
3.14.2. Talent rocking the plate.
3.15. Next, add 25 mL of complete Grace’s media containing 10% FBS and 100 μg/mL penicillin-streptomycin antibiotics [1-MED]. Incubate the plate for 3 d in a 27 °C incubator to obtain the P1 passage virus [2-MED].
3.15.1. Talent adds the described media to each well.
3.15.2. Talent transfers the plate to an incubator at 27 °C. Alternatively, a CU shot of the plate incubating (if it can be seen in the incubator) can be shown.
3.16. After this, collect the supernatant in a sterile 50-mL conical tube [1-MED]. Spin at 1010 x g for 5 min to remove the cell debris [2-MED]. Decant the supernatant to a clean tube [3-MED], and store at 4 °C for up to 1 year or until ready to use [4-MED].
3.16.1. Talent collects the supernatant from the plate and transfers it to a 50-mL conical tube.
3.16.2. Talent places the 50-mL conical tube into a centrifuge, and then turns the centrifuge on.
3.16.3. Talent decants the supernatant into a clean tube.
3.16.4. Talent transfers the tube into a refrigerator at 4 °C.
3.17. To amplifying the virus from P1 to P2 passage, first grow a monolayer of Sf9 cells on a 150-mm plate to 90% confluence [1-MED]. Once the desired confluence is reached, aspirate the medium [2-CU].
3.17.1. [bookmark: _GoBack]Talent transfers cells/medium to a 150-mm plate. Alternatively, a shot of a plate at the desired confluence can be shown. (Author Comment: The cell plate was already prepared. A close up of the cell plate has been shot. Confluence of the cells were not shown)
3.17.2. Talent removes the medium from the wells of the plate.
3.18. Add 2 mL of the P1 virus [1-CU], and incubate for 1 h in a 27 °C incubator [2-MED]. Repeat the amplification steps to obtain the P2 and P3 passages of the virus [3-MED].
3.18.1. Talent adds 2 mL of the P1 virus to a well in the plate.
3.18.2. Talent transfers the plate to an incubator at 27 °C.
3.18.3. Talent collects the supernatant from the plate and transfers it to a 50-mL conical tube. Alternatively, any action in the amplification process can be shown here.
4. Results: Analysis of Plant Proteins Secreted by Insect Cells
4.1. In this study, two modified pFastBac1 (pronounce “P-fast-beck-one” where “beck” rhymes with “peck”) baculovirus expression vectors are used to express the secreted proteins with either the GP67 (pronounce “G-P-sixty seven”) or the hemolin signal sequence by replacing the intrinsic signal sequence of the target gene [1-LM].
4.1.1. Fig2.pdf: Only show the two Hide the red text and arrows
4.2. The pBac-GP67 (pronounce “P-beck-G-P-sixty seven”) is successfully utilized to express the extracellular domains of the A. thaliana receptor TDR [1-LM], while the pBac1-Hem (pronounce “P-beck-one-hemolin”) is successfully utilized to express the extracellular domain PRK3 [2-LM].
4.2.1. Fig2.pdf: Show the red text and arrow for TDR ECD (which is the TDR extracellular domain) and visually emphasize the band it is pointing to.
4.2.2. Fig2.pdf: Show the red text and arrows for PRK3 ECD (which is the PRK3 extracellular domain) and visually emphasize the bands they are pointing to.
4.3. Next, the purified proteins are concentrated to 5 mg/mL and subjected to crystallization screening [1-LM]. The conditions, which yielded preliminary crystals for each protein, are optimized until protein crystals larger than 20 μm are observed [2-LM].
4.3.1. Fig3.pdf: Show text above Figure 3A saying “TDR”. Show text above Figure 3B saying “PRK3”
4.3.2. Fig3.pdf: Visually emphasize some of the crystals in each figure. Alternatively, text mentioning that the crystals are “> 20 μm” can be shown near some of the emphasized crystals.

5. Conclusion (said by authors on camera)
5.1. Guozhou Xu Sayan Chakraborty: While attempting this procedure, it’s important to remember to examine the quality of the proteins by size-exclusion chromatography, multi-angle light scattering, and other assays for the non-aggregation status of the recombinant protein [1-INT].
5.1.1. Guozhou Xu Sayan Chakraborty says the line above in an interview style shot, looking slightly off-camera.
5.2. Guozhou Xu Sayan Chakraborty: Following this procedure, other methods like X-ray crystallography and Cryo-EM can be performed in order to answer additional questions like the three dimensional structure of the produced protein [1-INT].
5.2.1. Guozhou Xu Sayan Chakraborty says the line above in an interview style shot, looking slightly off-camera.
5.3. Guozhou Xu Sayan Chakraborty: After its development, this technique paved the way for researchers in the field of structural biology to explore the structural and biochemical properties of secreted proteins in plants and mammals [1-INT].
5.3.1. Guozhou Xu Sayan Chakraborty says the line above in an interview style shot, looking slightly off-camera.
5.4. Guozhou Xu Sayan Chakraborty: Don't forget that working with Ultraviolet light to visualize the DNA bands on the agarose gels can be extremely hazardous and precautions such as wearing UV protection face shield or eye goggles should always be taken while performing this procedure [1-INT].
5.4.1. Guozhou Xu Sayan Chakraborty says the line above in an interview style shot, looking slightly off-camera.


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.
 2018, Journal of Visualized Experiments

