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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N____  

Can you record movies/images using your own microscope camera? (Y/N)___Y______  

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: _____________________________________________

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.) 4.7 4.8 4.9 4.10 4.11
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.) 2.4 and 2.6 are the most difficult aspects of this procedure. To ensure success, we adjust the proportion of each fragment based on their concentration.

E.  Will the filming need to take place in multiple locations? (Y/N)   Y   If yes, how far apart are the locations?   1 km
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. Xiaomin Peng: This method can help answer key questions in the plant molecular and cell biology field, such as how can we visualize proteins interacting in the cell [1-MED]. 

1.1.1. Xiaomin speaks towards the camera (looking slightly off camera), interview style.
1.2. Xiaomin Peng: The main advantage of this technique is the high efficiency of co-expressing several fusion proteins in one expression vector [1-MED].   

1.2.1. Xiaomin speaks towards the camera (looking slightly off camera), interview style.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Xiaomin Peng: Demonstrating the procedure will be Guitao Zhong, a graduate student from our laboratory [1-MED]/ [2-MED].   

1.3.1. Xiaomin speaks towards the camera (looking slightly off camera), interview style.  Video editors, please use 1.3.1 as the audio and 1.3.2 as the visual for 1.3.
1.3.2. Guitao looks up from workbench or desk and acknowledges the camera.

Protocol: (read by voice talent at JoVE)
2. DNA Fragment Assembly and Construction of Protein Expression Cassettes
2.1. To begin, design the primers for molecular cloning of DNA fragments as described in the text protocol [1-MED-over the shoulder].
2.1.1. Talent works at the computer to design the primers.  
2.2. Amplify DNA fragments that are necessary for the construction of the semi-independent protein expression cassettes by standard PCR reactions with their corresponding primers and high fidelity polymerase [1-MED].  These include the promoter, fluorescent reporter, target gene, and terminator [2-CU].
2.2.1. Talent puts the samples into the PCR machine.
2.2.2. PCR machine as talent shuts the lid and starts the run. 
2.3. Examine the quality of the first-round PCR products by looking for DNA degradation and contamination with DNA electrophoresis using a 1% agarose gel [1-MED].
2.3.1. Talent loads the 1% agarose gel with the PCR products.  
2.4. Quantify the PCR products with a spectrophotometer.  The ratio between the readings at 260 and 280 nanometers of the PCR products should be between 1.6 and 1.8 [1-MED-over the shoulder].
2.4.1. Talent measures the OD260/OD280 on the spectrophotometer.
2.5. Mix the DNA fragments designed for the same protein expression cassette together in one PCR tube to a final volume of 5 microliters [1-CU-TXT].  
2.5.1. Tube as talent mixes the DNA fragments designed for the same protein expression cassette together in one PCR tube to a final volume of 5 microliters.  TEXT Overlay: 0.05-0.1 pmol for each fragment
2.6. Talent: Avoid mixing DNAs from different expression cassettes together, since it will reduce the efficiency of DNA assembly due to the increasing numbers of DNA molecules that need to be linked [1-MED].
2.6.1. Talent speaks towards the camera, interview style.
2.7. Now, add 15 microliters of 2x master mixture to the 5 microliter DNA mixture… [1-CU-TXT] and incubate at 50 degree Celsius for 60 minutes [2-MED-over the shoulder].
2.7.1. Sample tube as talent adds 15 microliters of 2x master mixture from a labeled tube.  TEXT Overlay: See text for preparation of 2x master mix
2.7.2. Talent leaves the sample at 50 degrees Celsius to incubate.
3. Construction of the Vector for Co-Expression of Multiple Chimeric Fluorescent Fusion Proteins in Plants
3.1. Amplify the entire semi-independent protein expression cassette by a second-round of PCR.  Use 0.5 to 1.0 microliters of the product from the first-round isothermal assembly reaction as the template and the outermost primers [1-MED].
3.1.1. Talent pipettes 0.5 to 1.0 microliters of the product from the first-round isothermal assembly reaction into the PCR reaction.  Use labeled containers.
3.2. Use 1 unit of high fidelity polymerase in a 50 microliter reaction volume for 30 cycles, followed by a final extension at 68 degrees Celsius for 5 minutes [1-MED-over the shoulder-TXT]. 
3.2.1. Talent places the sample into the PCR reaction, shuts lid, and sets up the PCR reaction.  TEXT Overlay: See text for full PCR program
3.3. Next, linearize the final protein expression backbone pUC18 (pronounced as “vector P-U-C eighteen”) and pCAMBIA1300 (pronounced as “vector C-A-M-B-I-A thirteen hundred”), by adding 4 units of Sma I (pronounced as “sma-one”) into a final 10 microliters reaction volume [1-MED].  These vectors are designed for protein transient expression and genetic transformation [2-CU].  
3.3.1. Talent adds 4 units of Sma I to pUC18.  Use labeled containers.
3.3.2. Reaction tube containing pCAMBIA 1300 as talent adds 4 units of Sma I.  Use labeled containers.
3.4. Incubate the restriction digest for 1 to 2 hours at 25 degrees Celsius [1-MED-over the shoulder].  Following digestion, inactivate the restriction enzyme by incubating at 65 degrees Celsius for 20 minutes [2-MED].
3.4.1. Talent leaves the reaction tubes to incubate at 25 degrees Celsius.
3.4.2. Talent transfers the reaction tubes to 65 degrees Celsius.
3.5. Next, mix equimolar DNA molecules of protein expression cassettes and linearized final vector into a final reaction volume of 5 microliters [1-CU].
3.5.1. Labeled sample tube as talent mixes equimolar DNA molecules of protein expression cassettes and linearized final vector into a final reaction volume of 5 microliters.  Use labeled containers.
3.6. Finally, perform the second-round of DNA recombination by mixing the reaction with 15 microliters of 2x master buffer… [1-MED] and incubating at 50 degrees Celsius for 60 minutes [2-MED-over the shoulder].
3.6.1. Talent mixes the reaction with 15 microliters of 2x master buffer.  Use labeled tubes.
3.6.2. Talent places the reaction tube at 50 degrees Celsius.
4. Biolistic-Bombardment Mediated Transient Co-expression of Multiple Chimeric Fluorescent Fusion Proteins in Plants
4.1. To prepare Tobacco BY-2 suspension cells for bombardment… [1-MED-over shoulder-TXT], filter-collect 30-milliliters of 3 day cultured BY-2 cells onto a piece of 70-millimeter autoclaved filter paper via a vacuum pump by setting the vacuum pressure to 40 millibar [2-CU].
4.1.1. Talent removes the prepared cells from the 25 degree Celsius incubator.  TEXT Overlay: See text for cell culture
4.1.2. Vacuum pump as talent adds the 3 day cultured BY-2 cells and starts the vacuum pressure.
4.2. Meanwhile add several drops of BY-2 cell liquid cultural medium into a Petri dish [1-MED-over the shoulder-TXT].  Transfer the filter paper with the BY-2 cells on it to the Petri dish [2-CU].
4.2.1. Talent adds several drops of BY-2 cell liquid cultural medium into a Petri dish.  TEXT Overlay: 85 mm x 15 mm
4.2.2. Petri dish as talent transfers the filter paper with the BY-2 cells on it, there.
4.3. To prepare Arabidopsis (pronounced as “ah-rah-bih-dop-sis”) juvenile plants for bombardment, prepare 7-day old sample plants as detailed in the text protocol [1-MED-over the shoulder].
4.3.1. Talent removes the 7-day old plants from the growth chamber.
4.4. Then, transfer them into a rectangle in the center of a new half-strength MS medium plate to increase the efficiency of bombardment [1-MED-TXT]. Take care to avoid overlapping the plants when transferring and placing them onto the plate [2-CU].
4.4.1. Talent transfers the 7-day old plants into a 30 millimeter diameter circle rectangle in the center of a new ½ MS medium plate.  Continue action in next shot.  TEXT Overlay: MS medium = Murashige and Skoog medium
4.4.2. Plate as talent continues to transfer the plants to the plate, taking care to avoid overlap.
4.5. Add several drops of half-strength MS liquid medium on the surface of the plants or tissues to preserve moisture and prevent drying out the plants out during the remaining steps [1-MED-over the shoulder].
4.5.1. Talent adds several drops of ½ MS liquid medium on the surface of the plants or tissues from a labeled container.
4.6. To coat gold particles with plasmid DNA, first vortex the gold microcarrier solution thoroughly, for 3 minutes [1-CU].  Now, add 25 microliters of gold particles to a new 1.5 milliliter tube and vortex for 10 seconds [2-MED].
4.6.1. Talent vortexes the labeled gold microcarrier solution. Labeled container of the gold microcarrier solution as talent vortexes it.
4.6.2. Talent adds 25 microliters of gold particles to a new 1.5 mL tube and vortexes for 10 seconds. Use labeled containers.
4.7. Add 10 microliters of 25.46 milligrams per Liter spermidine and vortex for 10 seconds [1-MED-over the shoulder].  Next add 5 microliters of 1 microgram per microliter plasmid DNA and vortex 3 minutes [2-CU].  Finally, add 25 microliters of 277.5 milligrams per liter calcium chloride solution and vortex for 1 minute [3-MED].
4.7.1. Talent adds 10 microliters of 25.46 milligrams per Liter spermidine and vortexed for 10 seconds.  Use labeled tubes.
4.7.2. Sample tube as talent adds 5 microliters of 1 microgram per microliters plasmid DNA from a labeled tube.
4.7.3. Talent adds 25 microliters of calcium chloride solution to the sample tube and vortexes. Use labeled containers.
4.8. Spin down the gold microcarriers using a bench top centrifuge at maximum speed for 5 seconds [1-MED-over the shoulder].  Following centrifugation, carefully pipette out the supernatant without disturbing the pellet [2-CU or ECU].
4.8.1. Talent places the gold microcarriers into the bench top centrifuge and starts run.
4.8.2. Pellet in tube as talent carefully pipettes the supernatant.
4.9. Next, wash the pellet with 200 microliters of absolute ethanol and re-suspend the pellet by vortexing for 5 to 10 seconds [1-MED].  Once again, spin down the gold microcarriers at maximum speed for 5 seconds and remove the ethanol [2-CU].
4.9.1. Talent adds with 200 microliters of absolute ethanol to the pellet, shuts lid and vortexes the tube.
4.9.2. Bench-top centrifuge as talent places the sample there and starts it.
4.10. Re-suspend the gold particles in 18 microliters of absolute ethanol [1-MED-over the shoulder].  Then, aliquot 6 microliters of particle suspension onto the middle of three macrocarriers, and let them air dry [2-CU].
4.10.1. Talent resuspends the gold particles in 18 microliters of absolute ethanol from a labeled container.
4.10.2. Three macrocarriers as talent aliquots 6 microliters of particles suspension on each.
4.11. To transfer the DNA into the cells and plants via particle bombardment, first set the particle delivery system as detailed in the text protocol [1-MED-over the shoulder].  Then, bombard the cells or plants on the agar medium plate for three times at three different positions [2-CU].  
4.11.1. Talent sets up the particle delivery system.
4.11.2. Particle delivery system as talent places the cells or plants (or both at same time if possible) on the agar medium plate there and starts the bombardment.
4.12. Keep the bombarded cells and plants in the dark in the plant growth chamber for 6 to 72 hours prior to observation of fluorescent signals [1-MED].  Set the plant growth chamber to 24 hours dark and 22 degrees Celsius [2-MED-over the shoulder]. 
4.12.1. Talent places the bombarded cells and plants in the plant growth chamber.
4.12.2. Talent sets the plant growth chamber to to 24 hours dark and 22 degrees Celsius.
4.13. Transfer the juvenile plants or suspension cells onto a conventional glass slide and gently put a cover slide on the top for imaging by standard confocal laser scanning microscopy [1-CU].
4.13.1. Conventional glass slide as talent transfers the juvenile plants or suspension cells there and gently puts a cover slide on top.
4.14. Using the settings listed in the text protocol, excite GFP-tagged proteins at 485 nanometers and detect fluorescence at 525 nanometers.  For RFP-tagged proteins, excite at 514 nanometers and detect at 575 nanometers [1-MED-over the shoulder]/[2-MED].
4.14.1. Talent works at the microscope computer to set up the parameters for exciting and detecting the tagged proteins.  Match action in next shot.  Video editors, please use 4.14.1 and 4.14.2 as you see fit to cover the narration of 4.14.
4.14.2. Talent works at the microscope computer to capture the images. Talent works at the microscope computer to set up the parameters for exciting and detecting the tagged proteins. 
4.15. Finally, calculate the co-localization ratio of fluorescent signals as described in the text protocol [1-WIDE].
4.15.1. Talent works at the computer, appearing to calculate the co-localization ratio of fluorescent signals.
5. Results: Representative Images of Co-Expression of Chimeric Fluorescent Fusion of VSR and SCAMP in Plant Cells
5.1. Co-expression of Arabidopsis VSR2 and Arabidopsis SCAMP4 in tobacco BY-2 cells was achieved via particle bombardment and show correct localizations [1-LM].
5.1.1. 57354_Wang_figure 4A – Authors, please provide a version of 4A on its own without the “A” label. 
5.2. RFP-Arabidopsis VSR2 displays a punctate pattern… [1-LM], which was distinct from the plasma membrane localization of Arabidopsis SCAMP4-GFP with some cytosolic punctate dots [2-LM]. 
5.2.1. 57354_Wang_figure 4A – Video editors, please emphasize the “RFP-AtVSR2” image.
5.2.2. 57354_Wang_figure 4A – Video editors, please emphasize the “AtSCAMP4-GFP” image.
5.3. Moreover, Arabidopsis transgenic plants that co-express Arabidopsis SCAMP4-GFP and RFP-Arabidopsis VSR2 were generated via Agrobacterium (pronounced as “ag-roh-bak-teer-ee-um”)-mediated transformation [1-LM].  The subcellular localizations of co-expressing the two chimeric proteins in root and root hair cells is shown [2-LM].
5.3.1. 57354_Wang_figure 4B+E – Authors, please provide a version of 4B and 4E together without the B or E labels. 
5.3.2.  57354_Wang_figure 4B+E – Video editors, please emphasize the two merged panels.
5.4. Consistent with previous studies, Wortmmanin treatment of transgenic Arabidopsis caused RFP-Arabidopsis VSR2 labeled prevacuolar compartments, forming a small ring-like structure [1-LM].  Whereas, treatment with Brefeldin A induced Arabidopsis SCAMP-GFP labeled trans-Golgi network aggregation [2-LM]. 
5.4.1. 57354_Wang_figure 4F – Authors, please provide a version of 4F without the F label.  Video editors, please emphasize the inset in the middle panel (RFP-AtVSR2+Wort). 
5.4.2. 57354_Wang_figure 4G – Authors, please provide a version of 4G without the G label.  Video editors, please emphasize the arrow in the left panel (AtSCAMP4-GFP+BFA). 
5.5. As a negative control, little autofluorescent signal is observed in tobacco BY-2 cells and Arabidopsis root and root hair cells by applying the same settings of image collection [1-LM]. 
5.5.1. 11.Supplementary_Figure_1.tif

6. Conclusion (said by authors on camera)

6.1. Xiaomin Peng: Though this method can provide insight into the subcellular localization of the proteins, it can also be applied to the study of protein interaction [1-MED].
6.1.1. Xiaomin speaks towards the camera (looking just off-camera), interview style.
6.2. Xiaomin Peng: After its development, this technique paved the way for researchers in the field of plant cell biology to conveniently explore the subcellular localizations and spatial interactions of proteins in the living plant cell [1-MED].

6.2.1. Xiaomin speaks towards the camera (looking just off-camera), interview style.
6.3. Xiaomin Peng: Following this procedure, other methods like PEG-mediated transformation and traditional crossing can be performed in order to answer additional questions like how to co-express several fusion proteins in plants [1-MED].

6.3.1. Xiaomin speaks towards the camera (looking just off-camera), interview style.
6.4. Xiaomin Peng: Don't forget that working with bombardment can be extremely hazardous and precautions such as eye protector should always be taken while performing this procedure [1-MED].   

6.4.1. Xiaomin speaks towards the camera (looking just off-camera), interview style.
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.  

Authors, please upload requested files to to http://www.jove.com/files_upload.php?src=17493018
57354_Wang_figure 4A – Authors, please provide a version of 4A on its own without the “A” label. 
57354_Wang_figure 4B+E – Authors, please provide a version of 4B and 4E together without the B or E labels. 
57354_Wang_figure 4F – Authors, please provide a version of 4F without the F label.    
57354_Wang_figure 4G – Authors, please provide a version of 4G without the G label.  
Supplementary_Figure_1.tif

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.
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