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PLEASE READ THE INSTRUCTIONS IN THE GRAY BOXES CAREFULLY AND USE TRACK CHANGES WHILE MAKING ANY EDITS TO THE DOCUMENT. 
This document has several sections on separate pages, so take care to view each page.


Author Questionnaire:
Authors, please fill out the unanswered questions below.  

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  No
Can you record movies/images using your own microscope camera? (Y/N) No
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) No
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.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
3.3, 3.4, 4.3, 4.4, 4.5, 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.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
4.4, 4.5, 4.6
5. Will the filming need to take place in multiple locations? (Y/N) Yes
If yes, how far apart are the locations? Same department: first floor and underground floor of the principal building and two rooms of growth chamber 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.

· The total introduction length (i.e., Required and Optional Interview Statements) cannot exceed 150 words. 
· Restrict the length of each statement to no more than 30 words.
· Please answer the questions below in full sentences to highlight the significance of your protocol. You will be expected to memorize and deliver these sentences as spoken interview statements during filming. 
· Indicate the full name of each author who will give each statement. If only one author is giving the REQUIRED statements, the same author may speak both statements.

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Author Name: ___________Linda Avesani((Among the different strategies for production of recombinant protein in plants, the deconstructed plant virus-based expression system provides superior performance leading high yields over relative short time-scales. Further, the application of this technology for the production of an oral vaccine hold a great potential to become an alternative to conventional vaccines in the near future.  Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).


What is the main advantage of this technique?

1.2. Author Name: ___________Elisa Gecchele. The application of this technology for the production of an oral vaccine holds a great potential to become an alternative to conventional vaccines in the near future.( Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


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

· The following OPTIONAL questions may be answered to provide additional introductory information about your protocol. 
· These OPTIONAL statements must be spoken by different authors than those who gave the Required Interview Statements.
· The length of each OPTIONAL statement is restricted to no more than 30 words and contributes to the total introduction length, which cannot exceed 150 words. 
· Indicate the full name of each author who will give each OPTIONAL statement. 

Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?

1.3. Author Name: ___________(Mattia Santoni (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)Lyophilized leaves of red beet transiently transformed accumulated an amount of autoantigen s.
1.4. uitable for oral tolerance induction for T1D prevention.
Are there any specific areas of research that this method could provide insight into? 

Can this method be applied to any other systems?

1.5. Author Name: ___________(Edoardo Bertini (This experimental protocol could be extended to many different edible species, after a case by-case evaluation of recombinant protein accumulation.Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


How would you expect an individual who has never performed this technique to struggle? 

Do you have any advice to offer to somebody who is trying this technique for the first time?

1.6. Author Name: ___________ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


Why is visual demonstration of this method critical?

1.7. Author Name: ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


Introduction of Demonstrator: (Said by you on camera)

· Please use this statement ONLY if any of the individuals who will be demonstrating the procedure on camera have not given a required or optional Introduction interview statement already.
· Include the full name(s) of the person(s) demonstrating the experiment followed by their title (e.g., technician, post doc, grad student, clinician, etc.) 
· Also indicate the full name of the author who will introduce the demonstrator(s). 

1.8. Author Name: Demonstrating the procedure will be _________ Roberta Zampieri, post-doc and Anna Cuccurullo, graduated student(name of the person or persons), a _________ (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  
1.8.1. Interview style: Author saying the above 
1.8.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.





Section - Protocol
· Read through the entire protocol carefully to understand what you will need on the filming day and prepare accordingly. 
· The two-digit numbers (e.g. 2.1., 2.2.) represent the “steps” of you protocol and will be read by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the “shots” that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in a single work day, the protocol is restricted to 30 steps and/or 60 shots.
· It is critical for a smooth and organized shoot that all materials and work spaces are prepared and labeled (if applicable) in advance.   
· Any specimens/samples that require long or overnight incubation steps should be prepared in advance. (i.e. day 0 sample preparation will be filmed on the day of the shoot; day 1 samples should be prepared the day before the shoot so their processing can be filmed on the day of the shoot/after their overnight culture/treatment/etc.) 
2. Red Beet and Spinach Cultivation and 
2.1. To begin this procedure, grow red beet and spinach plant in a growth chamber as outlined in the text protocol [1]. After seed germination, fertilize the plants twice a week with a solution of commercially available fertilizer at a concentration of 1 gram per liter [2].
2.1.1. MED: Talent brings plants into a growth chamber and sets them down.
2.1.2. MED: Talent fertilizes the plants with the described solution.
2.2. For agroinfiltration, use five-week-old spinach and six-week-old red beet plants [1].
2.2.1. CU: Close up of the mentioned plants.
3. Syringe Agroinfiltration
3.1. After constructing the plant expression vectors, inoculate the three A. tumefaciens transformants in 50 milliliters of LB medium containing rifampicin at a concentration of 50 micrograms per milliliter and vector-specific antibiotics as outlined in the text protocol [1-TXT]. Grow by shaking overnight at 28 degrees Celsius [2].
3.1.1. MED: Talent inoculates the transformants in LB medium. TEXT: See text for details on constructing plant expression vectors.
3.1.2. MED: Talent places the vessels of inoculated medium into a shaker in an incubator.
3.2. The next day, pellet the bacterial cultures by centrifuging at 4,500 x g for 20 minutes [1]. Re-suspend the pellet in 100 milliliters of infiltration buffer containing 10 millimolar MES and 10 millimolar magnesium sulfate [2-TXT]. Incubate the suspensions at room temperature for 3 hours [3].
3.2.1. MED: Talent places the vessels of bacterial cultures into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
3.2.2. MED: Talent re-suspends the pellet in infiltration buffer. TEXT: See text for buffer composition.
3.2.3. MED: Talent sets the suspensions out on the lab bench to incubate at room temperature.
3.3. Mix an equal volume of a bacterial suspension containing one of the modules shown here with the 5’ module and the integrase module [1-TXT]. Using a syringe without a needle, take up 5 milliliters of the suspension mix [2]. 
3.3.1. MED: Talent mixes the mentioned suspensions. TEXT: GAD65mut; ∆87GAD65mut; eGFP 3’ module.
3.3.2. MED: Talent takes up the suspension into a needless syringe.
3.4. Press the tip of the syringe against the underside of the plant leaf while applying gently counter-pressure to the other side of the leaf [1]. Infiltrate the first three completely expanded leaves, starting from the apex, for each plant [2].
3.4.1. CU: Close up as the talent presses the tip of the syringe against the underside of the plant leaf while applying gently counter-pressure to the other side of the leaf.
3.4.2. MED: Talent infiltrates the mentioned leaves.
3.5. Label the agroinfiltrated leaves with a paper tag on the leaf stem [1], and return the plants to the growth chamber under standard conditions [2].
3.5.1. CU: Close up of the talent as they label the leaves.
3.5.2. MED: Talent returns the plants to the growth chamber.
3.6. On days 4 – 14 post infection, collect the agroinfiltrated leaves [1] and freeze them in liquid nitrogen [2]. Store this plant tissue at -80 degrees Celsius [3].
3.6.1. MED: Talent collects some agroinfiltrated leaves. 
3.6.2. MED: Talent freezes the leaves in liquid nitrogen.
3.6.3. MED: Talent places the frozen plant tissue into a freezer.
4. Vacuum Agroinfiltration 
4.1. First, separately grow the three A. tumefaciens transformants in 50 milliliters of LB medium containing rifampicin at a concentration of 50 microliters per milliliter and appropriate vector-specific antibiotics [1] by shaking overnight at 28 degrees Celsius [2].
4.1.1. MED: Talent inoculates the transformants in LB medium.
4.1.2. MED: Talent places the vessels of inoculated medium into a shaker in an incubator.
4.2. The next day, pellet the bacterial cultures by centrifuging at 4,500 x g for 20 minutes [1]. Re-suspend the pellet in 1 liter of infiltration buffer to an OD600 of 0.35 [2], and incubate the suspensions at room temperature for 3 hours [3].
4.2.1. MED: Talent places the vessels of bacterial cultures into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
4.2.2. MED: Talent re-suspends the buffer in infiltration buffer.
4.2.3. MED: Talent sets the suspensions aside on the lab bench to incubate at room temperature.
4.3. Then, add 0.01 percent of the detergent to each suspension [1]. Mix an equal volume of a bacterial suspension containing one of the modules shown here with the 5’ module and the integrase module [2-TXT].
4.3.1. MED: Talent adds detergent to each suspension.
4.3.2. MED: Talent mixes the suspension with the 5’ module and the integrase module. TEXT: GAD65mut; ∆87GAD65mut; eGFP 3’ module.
4.4. Insert one six-week-old red beet plant into the holder [1]. Invert the holder and place it on top of a beaker containing 2 liters of an infiltration bath [2] to submerge the leaves in the infiltration suspension [3-TXT].
4.4.1. MED: Talent inserts a red beet plant into the holder.
4.4.2. MED: Talent inverts the holder and places it into a beaker containing the infiltration bath.
4.4.3. CU: Close up as the leaves are submerged in the bath. TEXT: Ensure all leaves are completely dipped in bacterial suspension.
4.5. After this, transfer the infiltration bath – with the submerged plant – to the infiltration chamber and close it [1]. Turn on the vacuum pump and open the vacuum intake valve on the infiltration chamber [2].
4.5.1. MED: Talent transfers the infiltration bath – with the submerged plant – to the infiltration chamber and closes it.
4.5.2. MED: Talent turns on the vacuum pump and opens the vacuum intake valve on the infiltration chamber.
4.6. Once the pressure in the chamber has fallen to 90 millibar, maintain the vacuum for 3 minutes [1]. Then, release the vacuum for 45 seconds [2]. When the chamber has returned to atmospheric pressure, open the chamber and remove the infiltrated plant from the bacterial bath [3].
4.6.1. MED: Talent checks the pressure in the chamber, and then sets a timer for 3 minutes.
4.6.2. MED: Talent releases the vacuum.
4.6.3. MED: Talent opens the chamber and removes the infiltrated plant from the bacterial bath.
4.7. Return the plants to the growth chamber under standard conditions [1]. Collect agroinfiltrated leaves at the maximum expression days post infection, depending on the recombinant protein [2], and freeze them in liquid nitrogen [3]. Store the plant tissue at -80 degrees Celsius [4].
4.7.1. MED: Talent returns the plants to the growth chamber.
4.7.2. MED: Talent collects some agroinfiltrated leaves.
4.7.3. MED: Talent freezes the leaves in liquid nitrogen.
4.7.4.  MED: Talent place the frozen plant tissue into a freezer.
5. Plant Material Processing
5.1. First, harvest the vacuum agroinfiltrated ∆87GAD65mut-expressing red beet leaves at the expression peak [1], and freeze them in liquid nitrogen [2]. 
5.1.1. MED: Talent harvests some of the agroinfiltrated leaves.
5.1.2. MED: Talent freezes the leaves in liquid nitrogen.
Question: How should “∆87GAD65mut” be expressed in the voiceover narration? Delta-eighty-seven-GAD-sixty-five-mut
5.2. Lyophilize the frozen leaves at -50 degrees Celsius and at 0.04 millibar for 72 hours [1]. Then, store them at -80 degrees Celsius [2].
5.2.1. MED: Talent lyophilizes the leaves. Any action in this process can be filmed for this shot.
5.2.2. MED: Talent transfers the frozen leaves to a freezer.
5.3. When ready to proceed, grind the leaves to a fine powder [1] and store at room temperature in a sealed container with silica gel to exclude the moisture [2].
5.3.1. MED: Talent grinds the leaves to a fine powder.
5.3.2. MED: Talent places the ground leaves into a sealed container with silica gel.
6. Gastric Digestion Simulation and Cell Integrity Analysis
6.1. For the gastric digestions simulation, weigh 100 milligrams of the finely ground freeze-dried red beet leaves [1] and re-suspend it in 6 milliliters of PBS [2]. Use 6 molar hydrochloric acid to adjust the sample pH to 2 [3].
6.1.1. MED: Talent weighs the ground freeze-dried red beet leaves.
6.1.2. MED: Talent re-suspends the ground freeze-dried red beet leaves in PBS.
6.1.3. MED: Talent uses HCl to adjust the sample’s pH.
6.2. Add 4 milligrams per milliliters pepsin from porcine gastric mucosa in 10 millimolar hydrochloric acid to obtain a final pepsin concentration of 1 milligram per milliliter [1-TXT]. Shake the sample at 37 degrees Celsius for 120 minutes [2].
6.2.1. MED: Talent adds pepsin to the sample. TEXT: Pepsin concentration: total soluble proteins = 1:20.
6.2.2. MED: Talent places the sample into a shaker in an incubator.
6.3. Next, use sodium hydroxide to adjust the sample pH to 8 and inactivate the pepsin [1]. Transfer 750 microliter aliquots of each sample to microcentrifuge tubes [2], and centrifuge the aliquots at 20,000 x g and at 4 degrees Celsius for 20 minutes [3].
6.3.1. MED: Talent uses NaOH to adjust the sample’s pH.
6.3.2. MED: Talent aliquots the sample into a microcentrifuge tube.
6.3.3. MED: Talent places the aliquots into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
6.4. Collect each supernatant separately [1] and re-suspend each pellet in one supernatant volume of loading buffer [2-TXT].
6.4.1. MED: Talent collects the supernatants.
6.4.2. MED: Talent re-suspends a pellet in loading buffer. TEXT: See text for buffer composition.
6.5. Then, analyze both the supernatant and the re-suspended pellet by western blot analysis [1-TXT].
6.5.1. MED: Talent performs a western blot. Any action in this process can be filmed for this shot. Alternatively, talent can be filmed at a workstation computer, reviewing an image of a previously performed western blot. TEXT: Gecchele, E., et al. JoVE. (2015).
6.6. For the cell integrity analysis, prepare two samples of 100 milligrams of the finely ground freeze-dried red beet leaves [1] and re-suspend both in 6 milliliters of PBS [2].
6.6.1. MED: Talent weighs the ground freeze-dried red beet leaves.
6.6.2. MED: Talent re-suspends the ground freeze-dried red beet leaves in PBS.
6.7. Use 6 molar hydrochloric acid to adjust the pH of one sample to 2 [1]. Shake both samples at 37 degrees Celsius for 120 minutes [2]. Then, aliquot 750 microliters of each sample to microcentrifuge tubes [3]. Centrifuge at 20,000 x g and at 4 degrees Celsius for 20 minutes [4].
6.7.1. MED: Talent uses HCl to adjust the sample’s pH.
6.7.2. MED: Talent places the sample into a shaker in an incubator.
6.7.3. MED: Talent aliquots the sample into a microcentrifuge tube.
6.7.4. MED: Talent places the aliquots into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
6.8. Collect each supernatant separately [1] and re-suspend each pellet in one supernatant volume of loading buffer [2].
6.8.1. MED: Talent collects the supernatants.
6.8.2. MED: Talent re-suspends a pellet in loading buffer.
6.9. Then, analyze both the supernatant and the re-suspended pellet by western blot analysis [1].
6.9.1. MED: Talent performs a western blot. Any action in this process can be filmed for this shot. Alternatively, talent can be filmed at a workstation computer, reviewing an image of a previously performed western blot
7. Bioburden Assay
7.1. First, weigh 100 milligrams of the finely ground freeze-dried red beet leaves [1] and re-suspend it in 8 milliliters of sterile PBS [2]. Vortex for 1 minute [3].
7.1.1. MED: Talent weighs the ground freeze-dried red beet leaves.
7.1.2. MED: Talent re-suspends the ground freeze-dried red beet leaves in PBS.
7.1.3. MED: Talent vortexes the sample.
7.2. Plate 1 milliliter of each freeze-dried leaf homogenate in 1 of the 5 prepared selective LB media [1-TXT]. Incubate the plates at 28 degrees Celsius for 3 days [2].
7.2.1. MED: Talent places the homogenate on LB media. TEXT: See text for details on preparing selective LB media. 
7.2.2. MED: Talent places the plates into an incubator.
7.3. After this, count the Agrobacterium colonies grown on each plate [1] and calculate define the residual bacterial charge as the number of colonycolonies forming units per milliliter of the freeze-dried leaf homogenate [2].
7.3.1. CU: Talent counts the colonies on a plate.
7.3.2. MED: Talent calculates the residual bacterial charge on a workstation computer or in a laboratory notebook.


Section – Results
The Results section is restricted to 200 words of narrative. Please read through the results as presented to make sure that it accurately represents your findings. If you would like to highlight other data, please revise this section accordingly, keeping in mind the word count restriction. Please note that we cannot include narrative without an accompanying visual. 

8. Results: Analysis of the Transient Expression in Red Beet of a Biopharmaceutical Candidate Vaccine for Type-1 Diabetes
Video Editor: Be aware, the submitted figures may need to be rotated 90 degrees clockwise after you open them to put them in the proper orientation. 
8.1. In this work, an oral vaccine is developed in edible plant tissue [1]. Red beet and spinach plants are manually agroinfiltrated with suspensions of A. tumefaciens carrying eGFP recombinant expression vectors, and the fluorescent protein expression is visualized by western blot analysis and quantified under UV light [2].
8.1.1. LAB MEDIA: Figure 1.
8.1.2. LAB MEDIA: Figure 1.
8.2. The red beet system is characterized by a higher eGFP expression [1], reaching approximately 544 micrograms per gram of fresh leaf weight at 9 days post infection [2], while the spinach only reached a maximum level of approximately 113.4 micrograms per gram of fresh leaf weight on 11 days post infection [3].
8.2.1. LAB MEDIA: Figure 1.
8.2.2. LAB MEDIA: Figure 1. Video Editor: In Figure 1C, emphasize the data column for 9 dpi.
8.2.3. LAB MEDIA: Figure 1. Video Editor: In Figure 1F, emphasize the data column for 11 dpi.
8.3. Because of this, the red beet is selected as the expression host for all subsequent experiments [1]. 
8.3.1. LAB MEDIA: Figure 1.
8.4. Plants are then vacuum infiltrated with an A. tumefaciens suspension [1]. After the TSP extraction from agroinfiltrated leaves, the samples are analyzed by western blot and the recombinant protein is relatively quantified by a densitometry analysis [2]. 
8.4.1. LAB MEDIA: Figure 2.
8.4.2. LAB MEDIA: Figure 2.
8.5. Finally, the parameters for the development of a potential oral vaccine are evaluated [1]. As seen here, the target protein is seen to be stable after the lyophilization process [2].
8.5.1. LAB MEDIA: Figure 3. Video Editor: Show only Figures 3A and 3B.
8.5.2. LAB MEDIA: Figure 3. Video Editor: Still show only Figures 3A and 3B.
8.6. Gastric digestion is simulated by adding the porcine gastric enzyme pepsin to freeze-dried material either to a final concentration of 1 milligram per milliliter or at a ratio of 1-to-20 to TSP [1]. Both digestive treatment conditions result in degradation of the recombinant protein [2].
8.6.1. LAB MEDIA: Figure 3. Video Editor: Show only Figure 3C – 3E.
8.6.2. LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3C – 3E.
8.7. The absence of a specific signal in the pellet samples after pepsin digestion suggests that, after freeze-drying, the plant cells lost their integrity and this lead to the target protein degradation [1].
8.7.1. LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3C – 3E. Emphasize lanes 1 – 3 under the pepsin header (“Pepsin 1 mg/mL”).



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

· Below are questions for statements that can be used to further emphasize the significance of your protocol. At least one statement is required.
· Each statement is limited to 30 words.
· Answer the questions in full sentences, as you will be expected to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will give each Conclusion Interview statement. 
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
9.1. Author Name: ____ Anna Cuccurullo (Step: __) 4.3-4.6, 3 text) (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on cameraThe procedure should be carefully adapted to the plant species in respect to vacuum infiltration and to the target recombinant protein in respect to time course analysis.)
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
9.2. Author Name: ____ Roberta Zampieri (The described system might be used for the production of biopharmaceuticals intended for oral delivery, like vaccines and  antibodies.Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
9.3. Author Name: ____ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.
9.4. Author Name: ___(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

Thank you for following the instructions and addressing our questions. We will incorporate your answers/suggestions and send you the finalized script before your shoot. You will also receive detailed shoot preparation instructions in the email accompanying the finalized script.
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