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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____No_____ If yes, please list make and model of your microscope: ______________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___No_____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps____________3.2, 3.4, 3.6 and 4.1, 4.2, 4.4____

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _The most difficult aspect of this procedure is in the infiltration process. With syringe infiltration we have to be careful not to pierce the leaf and not to put too much pressure against it with the syringe. For vacuum infiltrations, the most difficult portion would be in the setup, making sure the desiccator is sealed and that the proper pressure is achieved. ________________

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:

This experimental system uses agroinfiltration to effectively deliver gene construct to leaves for the production high levels of recombinant protein. (Intro) First, grow N. benthamiana plants in a controlled environment for 6 weeks (LAB MEDIA: left top “plant growth” panel). Three days before infiltration, prepare the Agrobacterium cultures which contain the target gene to be expressed in the plants (LAB MEDIA: left bottom “Agrobacterium” panel) . On the day of infiltration, introduce the Agrobacterium cultures into the plant tissue by either syringe or vacuum infiltration (LAB MEDIA: middle “Infiltration” panel).
Results, like the  intensity of green fluorescence of GFP in tobacco leaves under UV light, demonstrate a robust expression of recombinant proteins in plants that rivals of current mammalian, bacterial, and insect-based expression systems (LAB MEDIA: remaining cartoons and “transient protein espression” panel).
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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.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Dr.Qiang Chen: Agroinfiltration produces high-levels of recombinant proteins in plants, can be applied to a broad range of plant species, and can be scaled-up for commercial  production of pharmaceutical proteins.   

1.2. Matthew Dent: This method can provide insight into the expression and accumulation kinetics of GFP  or applied to other recombinant proteins, such as monoclonal antibodies as therapeutics for infectious diseases or cancer, and subunit vaccines. 

1.3. Kahlin Leuzinger: A successful experiment requires optimal conditions for both the bacteria culture and the plants material. This infiltration procedure is easier to replicate after visual demonstration.

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.  Plant Growth
2.1. Begin by placing up to 60 peat pellets into a propagation tray. Add 4 L of tap water and let the peat pellets absorb the water for 2 hr.
2.1.1. MED/CU: Talent places 60 peat pellets into a propagation tray. 
2.1.2. MED-over-the-shoulder: Talent adds 4 L of tap water
2.2. Now add two N. benthamiana seeds into each peat pellet, cover the tray with a transparent plastic dome. For germination, place the seeds in a 25°C, 84% humidity environment [Text over video: 16/8 hour day/night cycle].
2.2.1. ECU: Talent add two N. benthamiana seeds into a few peat pellets using a seeder.
2.2.2. CU: Talent covers the tray with a transparent plastic dome. 
2.2.3. MED: Talent places the seeds in a 25°C, 84% humidity environment 
2.3. Two weeks after seeding, remove the dome and transfer the plants to a new tray. Then add 2 L of 1.48 g/L Jack’s fertilizer. 
2.3.1. MED/CU: Talent removes the dome and  transfer plants to a new tray. 
2.3.2. MED: Talent adds 2 L of 1.48 g/L Jack’s fertilizer to the new tray. 
2.4. Continue to grow the plants in a 25°C, 50% humidity environment [Text over video: 16/8 hour day/night cycle]. Every 2 days, supply 2 L of Jack’s fertilizer per tray.
2.4.1. MED-over-the-shoulder: Talent places the plants in a 25°C, 50% humidity environment then adds 2 L of Jack’s fertilizer to a tray.
2.5. At week 4, transfer the plants with peat pellets to a new tray that hosts six plants to for further growth to 6 weeks of age.
2.5.1. MED/CU: Talent transfer a plants with peat pellets to a new tray that hosts six plants.
3. Infiltration by syringe
3.1. Choose four 6-week old N. benthamiana plants with 5-to-6 leaves each: three leaves for complete infiltration with the Agrobacterial strains harboring the gene of interests; one leaf for the negative control, and one leaf for spot-infiltration.
3.1.1. MED-over-the-shoulder: Talent selects a 6-week old N. benthamiana plant with 5-6 leaves.
3.1.2. CU: Talent indicates three leaves for complete infiltration with the Agrobacterial strains harboring the gene of interests. Video editor: add arrows and label “genes of interest” [3.1.2-3.1.4 was combined into 1 shot by videographer.]
3.1.3.  CU: Talent indicates one leaf for the negative control. Video editor: add arrows and label “negative control” [3.1.2-3.1.4 was combined into 1 shot by videographer.]
3.1.4. CU: Talent indicates one leaf for spot-infiltration. Video editor: add arrows and label “spot infiltration” [3.1.2-3.1.4 was combined into 1 shot by videographer.]
3.2. Create a small nick with a needle in the epidermis on the back side of the leaf, making sure not to pierce the leaf through both sides.
3.2.1. ECU: Talent creates a small nick with a needle in the epidermis on the back side of the leaf. 
3.3. Voice Over: Make sure not to scratch so hard as to pierce the leaf through both sides, as the Agrobacteria cells in the infiltration mixture will pass through the puncture to the other side of the leaf.
3.3.1. Interview style Deleted
3.4. Take a firm hold of the front side of the first leaf. While applying gentle counter pressure to the nick with the thumb of one hand, inject the Agrobacterium mixtures in infiltration buffer into the nick with a syringe without a needle. 
3.4.1. ECU: Talent takes a firm hold of the front side of the first leaf. [3.4.1-3.5.1 was combined into 1 shot by videographer.]
3.4.2. ECU: While applying gentle counter pressure to the nick with the thumb of one hand, Talent injects the Agrobacterium mixtures in infiltration buffer into the nick with a syringe without a needle. [3.4.1-3.5.1 was combined into 1 shot by videographer.]
3.5. Continue to inject the Agrobacterium mixtures into the nick until the darker green circle stops to expand. 
3.5.1. ECU: Talent continues to inject the Agrobacterium mixtures into the nick until the darker green circle stops to expand. [3.4.1-3.5.1 was combined into 1 shot by videographer.]
3.6. Then create another nick and repeat the injections until the entire leaf is infiltrated and the whole leaf turns darker green.  Complete infiltrations of the first three leaves and the last leaf.    
3.6.1. CU: Talent creates another nick and repeats the injection. 
3.6.2. MED/CU:: Talent starts infiltration of the first leaf.    
3.7. For the fourth leaf of each plant, infiltrate with vector combinations of either all four geminiviral vectors or three MagnICON vectors. Also make one nick for each combination of Agrobacterium strains, and infiltrate each nick with one combination. 
3.7.1. CU/ECU: For the fourth leaf of each plant, Talent infiltrates with vector combinations of either all four geminiviral vectors (show label on reagent). Talent makes one nick for each combination of Agrobacterium strains, and infiltrate a nick with one combination.
3.8. After infiltration, move plants back to the growth room and monitor protein expression between 2-15 days post infiltration.
3.8.1. WIDE/MED: Talent move plants back to the growth room and notes the date of the experiment.
4. Infiltration by vacuum
4.1. Place a tub into a vacuum desiccator and transfer in  3 Liters of  infiltration buffer containing the Agrobacterium strains. Then connect the desiccator to a Vacuubrand diaphragm vacuum pump. 
4.1.1. MED: Talent places a tub into a vacuum desiccator and transfer in  3 Liters of  infiltration buffer containing the Agrobacterium strains.
4.1.2. CU: Talent connects the desiccator to a Vacuubrand diaphragm vacuum pump. 
4.2. Now place a plant upside down on the desiccator plate and lower the plate with the plant until the entire leaf and stem system is submerged into the infiltration buffer with the plate resting atop of the tub.
4.2.1. MED/CU: Talent place a plant upside down on the desiccator plate and lowers the plate with the plant until the entire leaf and stem system is submerged into the infiltration buffer with the plate resting atop of the tub.
4.3. Next, position the desiccator O ring along the rim.
4.3.1. MED-over-the-shoulder: Talent positions the desiccator O ring along the rim 
4.4. After putting the desiccator lid on the chamber, turn on the vacuum pump and start timing when the vacuum reaches 100 mbar. After turning off the vacuum pump, slowly open the release valve on the desiccator after 1min at 100 mbar to allow entrance of Agrobacteria into the interstitial spaces of submerged plant tissue.
4.4.0: Put the desiccator lid on the chamber.
4.4.1. CU: Talent turns on the vacuum pump and start timing when the vacuum reaches 100 mbar. 
4.4.2. CU/ECU: Talent turns off the vacuum pump slowly open the release valve on the desiccator after 1min at 100 mbar ( show leaves changing color)
4.5. Repeat this infilitration step once to ensure good infiltration. 
4.5.1. MED: Talent turns on the vacuum pump and start timing when the vacuum reaches 100 mbar
4.6. Then remove the plant from the desiccator and put it back to its upright position. Move plants back to the growth room and monitor protein expression between 2 and 15 days post infiltration. 
4.6.1. MED/CU: Talent removes the plant from the desiccator and put it back to its upright position. 
4.6.2. MED/CU: Talent places plants back to the growth room and notes date of experiment
5. Results: Agrobacterium infiltration
5.1. To demonstrate the effectiveness of syringe infiltration of Agrobacterium into plant tissue, we tested the expression of two fluorescent proteins – GFP and DsRed – by two different deconstructed plant viral vectors – geminiviral and MagnICON. 
5.1.1. LAB MEDIA: Figure 4A,B,C and D.
5.2. For N. benthamiana leaves that were entirely infiltrated with Agrobacteria containing geminiviral vectors, GFP expression was observed over the entire leaf area under UV light starting from as early as 2 dpi and reached peak accumulation at 4 dpi. 
5.2.1. LAB MEDIA: Figure 4C. 
5.3. In contrast, leaves infiltrated with MagnICON vector-containing Agrobacterium combinations showed GFP fluorescence only after 5dpi and reached its maximum accumulation at 7dpi.
5.3.1. LAB MEDIA: Figure 4D 
5.4. No green fluorescence was observed from leaves infiltrated with negative control Agrobacterium mixtures of pREP110 + p19, indicating that the fluorescence was specific to the GFP gene and was not the result of background fluorescence from the leaves.
5.4.1. LAB MEDIA: Figure 4B
5.5. At its peak accumulation, the fluorescence of MagnICON vector-expressed GFP is more intense than that of geminiviral vector.
5.5.1. LAB MEDIA: Figure 4B and D
5.6. No major necrosis was observed on leaves infiltrated with GFP constructs.
5.6.1. LAB MEDIA: Figure 4A.
5.7. When both florescent proteins were expressed on the same leaf via geminiviral vectors with syringe spot-infiltration, they were detected with their expected fluorescent color in the spot where they were infiltrated. Interestingly, co-infiltration of GFP and DsRed resulted in yellowish fluorescence (Fig 5).
5.7.1. LAB MEDIA: Figure 5

5.8. Vacuum infiltration was also examined to develop a scalable agroinfiltration method that can be used for large-scale production of recombinant proteins by plant transient expression systems. 
5.8.1. LAB MEDIA: Figure 6.

5.9. As expected, GFP fluorescence was observed for all leaves of the infiltrated plant. Compared with syringe infiltration, it is more robust and can achieve infiltration of each plant with a much shorter time frame. 
5.9.1. LAB MEDIA: LAB MEDIA: Figure 6 zoom into and scan the different leaves.

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
6. 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. You may revise the given prompts if necessary to better fit your protocol.
6.1. Jake Stahnke: Once mastered, this technique can be performed in 48 hours, but most of the time is for Agrobacterial culture. The actual infiltration time is only a few minutes.
6.2. Jonathan Hurtado: For optimal agroinfiltration efficiency and target protin expression follow the protocol!  Remember to control the critical parameters including plant growth condition, Agrobacterial concentration, vacuum pressure and duration. 
6.3. Kahlin Leuzinger: In the field of plant biotechnology, this experimental approach can be used to explore the development and bioproduction of novel pharmaceutical proteins in a broad range of plant species.
6.4. Matthew Dent: After watching this video, you should have a good understanding of how to use agroinfiltration to effectively deliver gene construct to leaves and allow plant transient expression systems to produce high levels of pharmaceutical proteins rivaling that of current mammalian, bacterial, and insect-based systems. 
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, 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, as well as an introduction to your videographer, closer to your filming date.
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