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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) ____N____ 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)___N____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__2.3, 3.4, 3.8, 4.2, 5.3, 5.4_

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  It is difficult to obtain consistent data with the in vivo model due to variations between animals. A minimum number of n = 3 animals is injected. To minimize the variability, care is taken to ensure uniform sample dosage for each mouse during tail vein injection. Animals are imaged two hours post injection to visualize VNP uptake in liver, this gives indication on the success of the injection; at 2 hrs post-administration livers will be fluorescent. 

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.  
Procedural Narrative:

The overall goal of this procedure is to study in vivo tumor targeting and biodistribution of fluorescently-labeled viral nanoparticles in mouse tumor models.  (Intro) First, propagate and purify the virus  (P1).
Then, conjugate the dyes and PEG to the particles (P2). After characterizing the functionalized particles (P3), proceed to inject them into mice with tumor xenografts (P4). Results, from Maestro imaging, fluorescence intensity measurements of tissue homogenates and immunohistochemistry, show localization of the viral nanoparticles in the tumor and various organs throughout the body (P5).
[image: image1.emf]
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. Author name AMY WEN: Plant viral nanoparticles (VNPs) are promising platforms for applications in biomedicine. Here, we describe the procedures for plant VNP propagation, purification, characterization, and bioconjugation. Finally, we show the application of VNPs for tumor homing and imaging using a mouse xenograft model and fluorescence imaging.
1.2. Author name KARIN LEE: Currently, a number of different nanoparticles are being investigated for applications in imaging and therapy. The main advantages of using viral nanoparticles, over synthetic materials, such as metal or polymeric nanomaterials, is that VNPs from plants are monodisperse. Their structures are known to atomic resolution. Plant viruses can be produced in large scale through molecular farming, and are amendable to both genetic and chemical engineering.

1.3. Author name MICHAEL BRUCKMAN: In this demonstration we will show chemical modification of VNPs with fluorophores and PEG. The fluorophores allow imaging and PEG is used to improve pharmacokinetics. Chemical modification protocols can be extended to load VNPs with therapies or contrast agents used in clinical imaging, for example MRI.
1.4. Author name SOURABH SHUKLA: Here we demonstrate a biodistribution study of PEGylated viral nanoparticles. Like other nanoparticles, tumor homing of VNPs based on enhanced permeability and retention, this is described as passive tumor homing. We recently found that the biodistribution profiles of different plant viruses are distinct. For this demonstration, we will use cowpea mosaic virus, the gold standard in viral nanotechnology.

1.5.  Author name NICOLE STEINMETZ: We have a particular interest to develop, engineer, and study nanomaterials of various shapes formed by viral nanoparticles. Our lab focuses on the gaining a fundamental understanding on how these plant-based materials interact with the mammalian system, and we are interested to engineer plant viruses for applications in cancer imaging and therapy, including chemotherapy and photodynamic therapy. Another area of interest is the targeting of VNPs to image and treat cardiovascular events. The methods outlined in this procedure provide basic set up to study biodistribution of VNPs in preclinical mouse models, here a tumor model of colon cancer is studied.
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. Viral Nanoparticle Propagation

2.1. Nicole F. Steinmetz: The accompanying manuscript details the preparation of CPMV, PVX, TMV, and BMV from Vigna ungiuculata and Nicotiana benthamiana plants, their functionalizaton, and use for pre-clinical appliactions. For this demonstration, we are using the Cowpea mosaic virus. 

2.1.1. Interview style. *Recorded as 5.1.1
2.2. In an indoor incubation chamber, plant 3 cowpea seeds per pot [Text over video: Day 0].

2.2.1.  WIDE/MED: Talent plants 3 cowpea seeds per pot.

2.3. On Day 10, infect each leaf with 0.1(g/(L CPMV by mechanical inoculation using a light dusting of carborundum followed by a light rubbing of the leaves.

2.3.1. CU/ECU: Talent lightly dusts carborundum to inoculate a leaf followed by lightly rubbing the leaves (for infection).
2.4. After ten days, [Text over video: Day 20], harvest the leaves, and store in -80°C.

2.4.1. CU/ECU: Talent harvests a few leaves.

2.4.2. MED: Talent places leaves at -80°C..

3. VNP purification
3.1. In a standard blender, homogenize 100 g of frozen leaves in 2 volumes of cold 0.1 M potassium phosphate buffer, pH 7. 
3.1.1. MED/CU: Talent places leaves and buffer in standard blender, and starts homogenizing.
3.2. Filter the homogenate through 3 layers of cheesecloth, and centrifuge at 5,500 g for 20 minutes. 
3.2.1. CU/ECU: Talent filters the homogenate through 3 layers of cheesecloth focus on liquid coming through the cheesecloth.
3.2.2.  MED/CU: Talent shows pellet size.
3.3. Collect the supernatant. Then perform an organic extraction of the plant material with 0.7 volumes of 1:1 chloroform:1-butanol, stirring the mixture for at least 30 minutes.
3.3.1. MED/CU: Talent collects the supernatant. 
3.3.2. ECU: Talent adds  0.7 volumes of chloroform:1-butanol and places mixture on stirrer. 
3.4. After centrifuging the solution at 5,500 g for 20 minutes, collect the upper aqueous phase and ultracentrifuge it at 160,000 g for 3 hours.

3.4.1. MED/CU: Talent places samples in centrifuge.

3.4.2. ECU: Talent collects the upper aqueous phase.

3.4.3. ECU: Talent places samples in ultracentrifuge.

3.5. Next, resuspend the pellet in 5 mL of phosphate buffer and incubate the sample at 4°C, overnight.

3.5.1. ECU: Talent resuspends the pellet in 5 mL of phosphate buffer.

3.5.2. MED/CU: Talent places sample at 4°C.

3.6. Also prepare a 10-40% sucrose gradient, using an equal volume of 10, 20, 30, and 40% sucrose in buffer, placing the heaviest first. Equilibrate the gradient overnight at room temperature.

3.6.1. MED/CU: Talent show bottles 10, 20, 30, and 40% sucrose in buffer)
3.6.2. ECU:  Talent adds final 10% sucrose layer and places sucrose gradient to equilibrate.
3.7. Layer the resuspended pellet over the sucrose gradient and centrifuge at 100,000 g for 2 hrs.
3.7.1. ECU: Talent layers the resuspended pellet over the sucrose gradient.
3.7.2. MED/CU:Talent places sample in centrifuge (show settings 100,000 g for 2 hrs).
3.8. Collect the light scattering band, and dialyze against buffer.

3.8.1. ECU: Talent collects the light scattering band.

3.8.2. CU: Talent places samples in dialysis buffer.

4. Chemical conjugation of VNPs and VNP characterization 

4.1. In order to conjugate the dyes and PEG to surface lysine residues, add 2,500 molar equivalents of fluorophores and 4,500 equivalents of NHS-PEG  to CPMV.

4.1.1. CU/ECU: Talent adds 2,500 molar equivalents of fluorophore to CPMV. ( get shot of reagent label  “Alexa Fluor 647 succinimidyl ester”)

4.1.2.  CU/ECU: Talent adds NHS-PEG  (get shot of reagent label showing M.W. 5,000).

4.2. Measure the absorbance spectrum of a 2 (L of sample using the NanoDrop, noting the values at 260, 280, and 651 nm. 

4.2.1. MED/CU: Talent measures the absorbance spectrum of the sample using  the NanoDrop (get shot of instrument)

4.3. Proceed to analyze the particles by size-exclusion fast protein liquid chromatography. For a Superose 6 size-exclusion column and the ÄKTA (Pronounce ACK-tah) Explorer, load 50-100 (g of the VNP sample in 200 (L of 0.1 M potassium phosphate buffer, pH 7.0.

4.3.1. WIDE/MED: Talent approaches FPLC with samples.

4.3.2. CU/ECU: Talent loads the VNP sample. (Shot together with 4.3.1)
4.4. Set the detectors to 260 nm for nucleic acids and 280 nm for proteins. Also set the excitation wavelength of any dyes attached.

4.4.1. SCREEN: Talent sets detectors to 260 nm and 280 nm. 

4.4.2. SCREEN: Talent sets the excitation wavelength for Alexa Fluor 647. (Together with 4.4.1)
4.5. Run the separation at a flow rate of 0.5 mL/min for 72 minutes. 

4.5.1. SCREEN: Talent sets flow rate of 0.5 mL/min for 72 minutes. (TEXT “Column volume (CV) = 24 mL”) (Together with 4.4.1)
4.6. Talent: The elution profile and A260:A280 ratio indicates whether the VNP preparation is pure and whether particles are intact and assembled.

4.6.1. Interview style.

4.7. Next prepare a denaturing SDS gel electrophoresis to analyze conjugation to individual coat proteins. For each sample, add 3 (L of 4X LDS sample buffer to 10 (g of the particles in 9 (L of potassium phosphate buffer. Denature in a heat block for 5 minutes at 100°C.

4.7.1. WIDE/MED: Talent prepares a denaturing SDS gel electrophoresis.

4.7.2.  MED/CU: Talent adds 3 (L of 4X LDS sample buffer to 10 (g of the particles in 9 (L of potassium phosphate buffer.

4.7.3. MED: Talent places samples in 100°C heat block.

4.8. Load the samples onto an SDS gel, and run at 200 V for 1 hour in 1X MOPS running buffer. Document the gel under white light after staining.

4.8.1. ECU: Talent loads a sample onto an SDS gel.

4.8.2.  MED: Talent runs gel at 200 V. 

4.8.3. MED: Talent takes photo of gel under white light.

5. Tumor-targeting in vivo
5.1. Nicole Steinmetz: These viral nanoparticles are now ready for tumor targeting and imaging using a mouse xenograft model. Typically a tail vein injection is used to deliver CPMV conjugated with A647 and PEG.

5.2. To evaluate tumor homing of VNPs, analyze the tissues with the Maestro fluorescence imaging instrument. Use yellow excitation and emission filters with 800 ms exposure to detect the presence of fluorescent signals derived from the A647 label conjugated to the VNPs.

5.2.1. WIDE/MED: Talent approaches Maestro fluorescence imaging instrument with samples. 

5.2.2. SCREEN: Talent sets yellow excitation and emission filters with 800 ms exposure.

5.3. For fluorescence quantification, homogenize the tissues for 2 to 3 minutes in PBS, then transfer the homogenates to microfuge tubes. 

5.3.1. MED/CU: Talent homogenizes the tissues in PBS.

5.3.2. ECU: Talent transfers the homogenates to microfuge tubes.

5.4. For each PBS and VNP formulation per time point, transfer 100 (L of sample supernatant into a 384 well black UV plate.  Measure the fluorescence intensity using Excitation and Emission wavelengths of 600 and 665 nm. 

5.4.1. CU/ECU: Talent transfers 100 (L of several sample supernatants into a 384 well black UV plate.

5.4.2.  SCREEN: Talent sets excitation and emission wavelengths to 600 and 665 nm.
5.4.3. SCREEN: Talent normalizes fluorescent values by the tissue weights.

6. Results: Plant Viral Nanoparticles for in vivo Tumor Imaging
6.1. Successful VNP propagation can be determined by the appearance of mosaic symptoms on the leaves about a week after mechanical inoculation 

6.1.1. LAB MEDIA: Figure 1 

6.2. UV/visible spectroscopy can be used to assess the purity of the particles. Absorbance at 260 nm is proportional to the nucleic acid concentration, and absorbance at 280nm is proportional to the protein concentration. 

6.2.1. LAB MEDIA: Figure 2 (trace curves)

6.3. These size-exclusion elution profiles of VNPs were obtained by using a Superose 6 column and Äkta purifier. As with the UV/visible spectra, the A260:A280 ratio can be used to assess purity of VNP preparations. In addition, the elution profile can be used to determine purity of the particles. 

6.3.1. LAB MEDIA: Figure 3

6.3.2. LAB MEDIA: Figure 3 CPMV, label blue line  A260 and  red line A280 

6.4. SDS gel electrophoresis separates the denatured coat protein subunits. The CPMV particles are formed by two proteins: a large 42 kDa protein and a small 24 kDa protein. Note, the smaller protein has two electrophoretic forms. 

6.4.1. LAB MEDIA: Figure 4

6.4.2. LAB MEDIA: Figure 4, CPMV panel.

6.5. In these TEM images of virus particles, the TEM grids were negatively stained with 2% uranyl acetate, so the particles appear light on a dark background. The CPMV particles are sized at 30 nm.

6.5.1.  LAB MEDIA: Figure 5 

6.5.2. LAB MEDIA: Figure 5, CPMV panel.

6.6. The VNPs can then be functionalized via bioconjugate chemistries. For instance, CPMV have lysines that can be used to react with functionalized NHS esters.

6.6.1. LAB MEDIA: Figure 6.

6.6.2. LAB MEDIA: Figure 6 top schematic

6.7. To confirm functionalization of the VNPs, characterization using the same methods as previously for the purified particles is performed. These are representative data of fluorescently-labeled and PEGylated VNPs. 

6.7.1. LAB MEDIA: Figure 7. 

6.8. The functionalized particles can then be utilized for downstream applications such as the investigation of biodistribution and tumor homing with PEGylated and dye-labeled VNPs. Here biodistribution of CPMV is evaluated in nude mice implanted with human HT-29 xenografts.

6.8.1. LAB MEDIA: Figure 8.

6.9. Biodistribution and tumor homing is evaluated using Maestro imaging of tissues ex vivo. No fluorescence was observed for the PBS control, while for CPMV conjugated with A647 and PEG, there was prominent fluorescence in the liver and some in the spleen due to clearing by the reticuloendothelial system. Prominent fluorescence in the tumor indicates tumor homing via the enhanced permeability and retention effect.

6.9.1. LAB MEDIA: Figure 8A.

6.10. These quantitative data were obtained via fluorescence measurement of homogenized tissues normalized by tissue weight. As expected, data indicate clearance of CPMV by liver and spleen, CPMV is also detected in the tumor. 

6.10.1. FIGURE 8B  (then highlight liver, spleen and tumor)

6.11. Further intratumoral localization using immunostaining of cryosectioned tissues show the intratumoral localization of CPMV. The CPMV was mainly found near the vasculature of the tumor.

6.11.1. FIGURE 8C.

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
7. 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.
7.1. AMY WEN: The described techniques have broad applicability to a variety of bionanoparticle systems. The Steinmetz Laboratory studies VNPs such as cowpea mosaic virus, brome mosaic virus, potato virus X, and tobacco mosaic virus. The methodologies, however, could be applied to any other viral nanoparticle or protein nanostructures such as heat shock proteins.

7.2. KARIN LEE: Following this procedure, additional methods such as RT-PCR or Western Blot can be performed as independent methods. Cryo-sectioning and immunohistochemistry can be used to gain additional information on the intra-tumoral location of the VNPs and potential co-localization with tumor associated macrophages or other organelles.

7.3. NICOLE STEINMETZ: After watching this video, you should have a good understanding of how to propagate, purify, and functionalize viral nanoparticles, how to characterize the products, and how to apply them for monitoring and quantifying biodistribution with in vivo tumor xenograft models. (restate overall goal of the procedure mention specific steps).
       Finally, we would love to involve you in a new promotional project.  During the filming of your intro and conclusion sections, we would like to capture your thoughts and opinions about your personal JoVE experience.   There's need for extra rehearsal time, or memorizing lines; we want your raw insights & observations. By doing this, it will allow us ensure our future clients with satisfaction & professional trust, not only from our JoVE employees, but now also from fellow established authors, like yourself.  Our videographer will plan to record the following questions once your interview segments are recorded:
What do you expect from a scientific journal?

In your own words, what makes JoVE's video format special?

Would you recommend JoVE to your colleagues?
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.

( 2011, Journal of Visualized Experiments


