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Authors, please fill out the brief questionnaire below.   

A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? No
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps 1.2,1,3 (plants with symptoms), 2.2, 2.5, 4.1, 4.2, 4.3 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure its success?  
Crosslinking

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  


Conceptual Narrative:


(Intro). The overall goal of the following experiment is to perform a solvent accessibility analysis of cysteine residues on the surface of Virus-Like Particles, or VLPs followed by cross-linking of peptides to cysteines on the Virus-Like Particles. 

This is achieved by first cloning the Maize rayado fino virus, or MRFV coat protein in a Potato virus X- based virus vector (P1, Editor, bring in the MRVF-CP1 gene, bring in the green strand without the gene inserted, then insert the gene as shown in P1).

Next, N. benthamiana plants are inoculated with the modified virus, and MRFV VLPs formed from the coat protein are purified (P2, Editor, bring in the leaf without the green and black worm-like structures or the yellow spots.  Transfer the cloned gene/vector from above onto the leaf and add additional duplicate the vector as shown on the leaf.  Then add the yellow dots - the MRFV VLPs and then transfer the yellow dots into the tubes as shown in the P1 panel).

Then, solvent accessibility of cysteine residues, and the number of the surface ligands are determined through fluorescein-5-maleimide and maleimide-PEG2 biotin labeling (P4, Editor, bring in the gray structure with the “Cys” then add the lefthand white star, green arrow, and yellow star, then the same thing on the right with the pink star).

Finally, VLPs and peptide are cross-linked using NH4-PEG4-maleimide and detected by Western blot (P5, Editor, bring in the cross-linker and the F-peptide as shown in the P3 panel). 

Results are obtained that identify the production of VLP-peptide complexes through Western blot analysis (P6, Editor, use Figure 4 here). 


Paste a copy of your graphic overview here.  The original file should be adobe illustrator (preferred) or powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website.   

See Power Point Conceptual example Natilla & Hammond.pptx


B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   

Original
Author name:  Angela Natilla:  The implications of this technique extend toward a good understanding of how to chemically modify the surface of a virus or virus-like particle to produce new material for nanotechnology.

Revisited:  
Author Name: Angela Natilla: The technique extends the knowledge base on how to chemically modify the surface of a virus or virus-like particle to produce new material for nanotechnology.

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     


2. Virus Inoculation of Nicotiana benthamiana and Fluorescein-5-maleimide-labeling of Virus-Like Particles  

2.1. After producing capped T7-RNA transcripts from Potato virus-X-based vector plasmids carrying MRFV wild-type and Cys-mutated coat protein genes, use two aliquots of 10 ul each to inoculate two N. benthamiana leaves.  Incubate the plants for 10 days in a greenhouse at 60 % humidity and 16 h of light (TEXT: 25,000-30,000 lux) at 25C and 8 h of dark at 20C. 
2.1.1. WIDE Talent approaches plants on bench
2.1.2. MED/CU Talent takes up 10 ul of inoculum into syringe/pipette
2.1.3. [bookmark: _GoBack]CU Talent inoculates a leaf
2.1.4. WIDE Talent sets plant down in greenhouse

2.2. At the end of the incubation, harvest the virus-infected leaves, weigh the plant tissue (TEXT: ~50 grams), and place it on ice. 
2.2.1. MED/CU Talent harvests infected leaves
2.2.2. MED Talent places leaves on scale
2.2.3. MED/CU Talent places leaves on ice

2.3. After purifying the virus-like particles according to the text protocol, prepare a 1 mM solution of fluorescein-5-maleimide in 50 mM sodium phosphate buffer, pH 7.0; 1 mM EDTA.  Vortex to completely dissolve and use aluminum foil to protect the solution from light.
2.3.1. MED/CU Talent places purified VLP samples on ice or bench
2.3.2. CU Talent adds the fluorescein maleimide into the buffer
2.3.3. Revisited: Talents add buffer into fluorescein Video Editor: I think the authors want 2.3.3 used, they may not have filmed 2.3.2.
2.3.4. MED/CU Talent vortexes sample and then covers with foil




2.4. Mix ~30 ul of 1 ug/ul of VLPs and 60 ul of the fluorescein-5-maleimide and incubate for 2 hours at room temperature or overnight at 4°C.
2.4.1. CU Talent adds VLPs to tube then adds fluorescein-5-maleimide and covers with foil then places on bench to incubate

2.5. Terminate the reaction by adding DTT at a final concentration of 50 mM.
2.5.1. CU Talent adds DTT

2.6. Using a desalting spin column, remove the non-reacted fluorescein (TEXT: 1500 x g, 2 min, RT). 
2.6.1. CU Talent pipettes sample into column
2.6.2. MED Talent places tubes into centrifuge and spins

2.7. To visualize the VLPs with available cysteine residues for cross-linking; perform SDS-PAGE analysis by adding 10 µl of 2 x sample buffer to 10 µl of each reaction. Store the labeled protein protected from light at 4°C for up to one month or in single-use aliquots at -20°C up to 3 months. 
2.7.1. MED/CU Talent adds 2x buffer to samples
2.7.2. CU Talent places samples in box and places cover on box
2.7.3. WIDE Talent places samples in fridge

3. Cross-linking of Cys 2-VLPs and F Peptide

3.1. Prepare a fresh cross-linking stock solution by dissolving 10 mg of NHS-PEG4-maleimide cross-linker in 680 μl of dimethyl sulfoxide.
3.1.1. MED/CU Talent adds DMSO to cross-linker

3.2. Dissolve a 17 (F)-amino acid long peptide (TEXT: LLPNMOKDKEACAKAPL) in 50 μl of conjugation buffer at a concentration of 0.1 mM. 
3.2.1. CU Talent adds stock solution of peptide to tube of conjugation buffer

3.3. Add 4 μl of cross-linker to 50 μl of the dissolved peptide for a 1 mM final concentration.  Incubate the reaction for 2 hours at 4°C then use a desalting column to purify the reaction (TEXT: 1,500 x g, 1 min, RT).
3.3.1. CU Talent adds crosslinker to peptide
3.3.2. WIDE/MED Talent removes sample from fridge
3.3.3. ECU Talent adds sample to desalting column

3.4. Using VLPs with available cysteine residues for crosslinking, and the crosslinked peptide, set up a reaction mix at a molar ratio determined by the number of thiols and activated amines involved in the reaction and the difference in molecular weight between VLPs and peptide.  (TEXT: refer to crosslinker literature for details)
3.4.1. CU Talent sets up the reaction with VLPs, peptide, crosslinker

3.5. After incubating the reaction for two hours at room temperature, use it to carry out SDS/PAGE and Western blotting according to the text protocol.
3.5.1.  MED/CU Talent places membrane into Western blotting buffer and puts on rocker
 
4. Representative VLP-Peptide Crosslinking Results-(second to last section) 

4.1. An example of reactive amino acids of the MRFV coat protein is shown here. Each amino acid selected can be used to attach moieties if it is surface exposed. The chemical techniques include traditional bioconjugation strategies such as the acylation of the amino group of lysine, alkylation of the sulfhydrilic group of cysteine, and activation of carboxylic acid residues and coupling with added amines. In addition, the aromatic groups of tyrosine and tryptophan can be attractive targets for bioconjugation through diazotization and alkylation.
4.1.1. LAB MEDIA Figure 3 

4.2. Illustrated here is the solvent accessibility of Cys residues of VLPs to thiol-specific reagents. Purified wt-VLPs (lane 4) and Cys-VLP mutants carrying cysteine residues in position 107-111 (lane 1) and 192-194 (lane 3) of the CP gene are unreactive in native conditions with a thiol-specific reagent (absence of fluorescence). Fluorescein-5-maleimide imparts orange fluorescence only for the Cys-VLP mutant carrying cysteine residues in position 125-129 of the CP gene (lane 2). The result shows that VLPs in lane 2 have a geometric arrangement of cysteine residues resulting in solvent-exposed free thiol groups; whereas the cysteine residues in the samples in lanes 1 and 3 are perhaps involved in disulphide bridges in the folding of the coat protein.
4.2.1. LAB MEDIA Figure 4 (Editor, point out the lanes with the VO)

4.3. Labeling reactions with maleimide-PEG2-biotin followed by a biotinylation assay represent another example of analysis of solvent accessibility of Cys residues. Because biotin is a relatively small molecule, it can be conjugated in several copies on the VLPs, each of which can bind one molecule of avidin as shown here. The level of biotinylation, 84.74 mole of biotin per mole of protein, indicates the number of the biotin molecules attached to the VLPs and consequently the number of ligands that can be displayed on the exterior surface.
4.3.1. LAB MEDIA Figure 5

4.4. Because of the availability of several thiol groups on the VLPs, peptides can be attached by cross-linking reactions with NHS-PEG4-maleimide. This reagent is a hetero-bifunctional cross-linker, which contains reactive ends such as N-hydroxysuccinimide, or NHS ester and maleimide groups, allowing covalent conjugation of amine- and sulfhydryl-containing molecules. In this example, the NHS ester reacts with primary amines forming amide bonds, whereas maleimide reacts with sulfhydryl groups forming stable thioether bonds.
4.4.1. LAB MEDIA Figure 6A

4.5. As seen here, cross-linking reactions produce VLP-peptide complexes that are immunoreactive with the specific antibodies in Western blot.
4.5.1. LAB MEDIA Figure 6B

INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete: http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj 

5. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.

Author name Rosemarie Hammond: After its development, this technique paves the way for researchers in the field of virology to explore the use of virus particles as a scaffold for the attachment of a large variety of ligands in a regular geometric array for numerous applications.

Revisited: Rosemarie Hammond: this development demonstrates to researchers in the field of virology how to explore the use of virus particles as a scaffold for the attachment of a large variety of ligands in a regular geometric array for numerous applications.
.  

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 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.
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