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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_Yes_  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _ Leica SP5 confocal  The authors will use images here instead.
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Yes_____ 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.
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.) 3.3, 3.4, 4.1, 4.6, 5.4, 5.7.
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.) __3.4 and 4.6
E.  Will the filming need to take place in multiple locations? (Y/N) __Yes_____ If yes, how far apart are the locations? 0.25 miles (3 min-walk indoors)


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. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to visualize dynamic spatial distribution of protein-protein interactions in live plant cells. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Juan Dong: This method can help answer key questions in the cell biology field, such as where a particular signaling event may occur inside of the plant cells. 
1.2. Juan Dong: The main advantage of this technique is that it allows quick examination and multiple components being tested in one single experiment.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Juan Dong: Though this method can provide insight into signaling events in plant cells, it can also be applied to other systems such as yeast and animal cell lines.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Juan Dong: Demonstrating the procedure will be Ying Zhang, a post doc from my laboratory.  
1.4.1. Interview style: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Protocol (read by voice talent at JoVE):

2. Preparation of Agrobacterium infiltration solution 
2.1. After preparing plasmids for BASL, YDA, and MPK6 and transforming them into Agrobacterium tumefaciens according to the text protocol [2.1.1-LM], inoculate a few freshly transformed Agrobacterium colonies into 10 ml of LB medium with the appropriate antibiotics [2.1.2-WIDE/MED-TXT].
2.1.1. LAB MEDIA Figure 1, Editor, begin with the top right panel that shows the rectangles named P19, CFP:BASL, DNyda:nYFP, and DNmpk6:cYFP.  Then transition to one of the Petri dishes from A on the left.
2.1.2. Talent inoculates a colony into LB (TEXT:  25 µg/ml Gentamycin, 25 µg/ml Rifamycin, 100 µg/ml Spectinomycin).  
2.2. Grow the Agrobacterium cultures at 28 degrees C and 200 rpm for about 16 hours [2.2.1-MED] and measure the OD600 [2.2.2-MED/CU-TXT].  [2.2.3-MED/CU].
2.2.1. Talent places cultures at 28 degrees C and starts shaking
2.2.2. Film as written (TEXT: ~1.5 – 1.8)
2.2.2b split shot 
2.2.3 Talent places cultures on bench at RT and walks away
2.3. Spin down the cultures at 2,500 x g for 10 minutes [2.3.1-MED] and use 10 mM MgCl2 to wash the cell pellets [2.3.2-MED/CU].  Then after pelleting the cells again, use infiltration solution to resuspend the cells to an OD600 of 0.5 [2.3.3-CU].  Leave the cell mixture at room temperature for 1-3 hours [2.3.4-MED/CU].
2.3.1. Talent places tubes into centrifuge and sets speed and time
2.3.2. Talent adds MgCl2 to pellet and resuspends
2.3.3. Talent finishes removing supernatant from pellet and adds infiltration solution
2.3.4. Talent sets cell mixture down on bench to rest
3. Tobacco Plant and Leaf Injection
3.1. Using 4 - 5 week old tobacco plants grown in a standard plant growth chamber [3.1.1-MED-TXT], prepare the plants before infiltration day by watering them to saturate the soil [3.1.2-MED/CU].
3.1.1. Talent approaches plants to be used in growth chamber (TEXT: 23°C, 16 hr-light/8 hr-dark)
3.1.2. Talent waters plants
3.2. On the day of infiltration, pre-incubate the plants in the dark for 1-3 hours to allow the stomata in the leaf epidermal cells to open widely, which will facilitate infiltration [3.2.1-WIDE].
3.2.1. Talent places plants in dark or turns off lights
3.3. Using color tapes labeled with dates, flag the leaves to be infiltrated [3.3.1-CU] and if desired, mark the areas to be infiltrated with a thick, black Sharpie [3.3.2-CU-TXT].
3.3.1. Film as written
3.3.2. Film as written (TEXT: refer to text protocol for best leaves to infiltrate)
3.4. Next, transfer equal volumes of the Agrobacterium resuspensions into a Petri dish and mix by swirling the dish [3.4.1-CU].  Then fill a 3 ml syringe with the infiltration mixture [3.4.2-CU] and while supporting the top side of the chosen tobacco leaf, gently expel the solution into the bottom, abaxial side of the leaf [3.4.3-CU/ECU].
3.4.1. Talent transfers resuspensions into a Petri dish next to additional plates with the solution and mixes it by swirling
3.4.2. Film as written
3.4.3. Talent supports top side of leaf and expels solution on bottom side of leaf
3.5. Once injected, the infected areas will become easily recognizable [3.5.1-CU].  For each test, inject two independent leaves from different plants [3.5.2-CU].  
3.5.1. Talent points out an infected area versus an uninfected area
3.5.2. Talent injects a second leaf on a plant that has a clearly injected leaf already
3.6. Following the injections, return the plants to the growth chamber and incubate for approximately 48 hours to allow detection of protein expression [3.6.1-WIDE].
3.6.1. Talent returns plants to growth chamber
4. Confocal Imaging
4.1. At 48 hours post infiltration, use a hole puncher to excise 3-4 leaf disks from the injected areas [4.1.1-CU].  With tweezers, gently transfer the leaf disks to a slide with the adaxial side facing upwards [4.1.2-CU/ECU] and add a few drops of water before gently placing a coverslip on top [4.1.3-CU/ECU].
4.1.1. Talent punches some holes in an infected area of a leaf
4.1.2. Film as written, Videographer, have talent point out the adaxial side; Editor, point out the adaxial side
4.1.3. Film as written
4.2. Before confocal imaging, scan the mounted samples with an epifluorescence compound microscope to check expression levels [4.2.1-MED OVER SHOULDER].  Cells that show intermediate expression levels are best represented under the confocal microscope [4.2.2-LM].
4.2.1. Talent at confocal microscope scanning a sample with it visible on screen;   (Out of sequence, replaced with 4.3.1 and pasted below)
Talent adjusts slide (TEXT: NA 1.3), Editor, text note is for 40X objective 

4.2.2. Talent at confocal microscope scanning a samples with it visible on screen 
4.2.3. LAB MEDIA of a scanned image showing expression, Authors will provide 
(There might be one more shot showing talent scanning samples on the epifluorescence microscope.)
4.3. Then, turn on the lasers of the confocal microscope, and using a 40X objective, adjust the slide [4.3.1-CU-TXT] to center on the cells with medium levels of fluorescent protein expression [4.3.2-LM-TXT].
4.3.1. Talent adjusts slide (TEXT: NA 1.3), Editor, text note is for 40X objective (Duplicate description of 4.2.1, deleted.)
4.3.2. LAB MEDIA showing cells with medium levels of fluorescence expression, Authors will provide (TEXT: CFP – 458 nm/480-500 nm; YFP – 514 nm/520-540 nm) (Move to 4.4, highlighted).
4.4. Next, activate the ‘Live’ button to preview the images, then adjust the laser intensity and smart gain for the most balanced fluorescence intensity to noise ratio [4.1.1-SCREEN/LM]. To improve imaging quality, increase scanning pixels and/or frame/line average [4.1.2-SCREEN/LM].
4.4.1. Record as written LAB MEDIA showing cells with medium levels of fluorescence expression, Authors will provide (TEXT: CFP – 458 nm/480-500 nm; YFP – 514 nm/520-540 nm)
4.4.2. Record as written
4.5. Then, adjust the focusing knob to reach the median focal plane [4.5.1-CU] and click ‘Capture’ to take the image [4.5.2-SCREEN/LM]. 
4.5.1. Film as written
4.5.2. Record as written
4.6. To capture a Z projection, select ‘xyz’ imaging mode, define the depth of the scanning range [4.6.1-SCREEN/LM-TXT], and collect the images from the top to the bottom of the target cell [4.6.2-SCREEN/LM-TXT].
4.6.1. Record as written (TEXT: 10 – 15 µm)
4.6.2. Images for Z stack being captured and appearing on screen (TEXT: image 30-40 cells for quantification analysis)
4.7. Compile the obtained images by right clicking on the image file to select ‘rename’ and export the images as .tif files [4.7.1-SCREEN/LM].
4.7.1. Record as written   
5. Image Processing and Quantification Analysis
5.1. To process images and conduct quantification, open Fiji software [5.1.1-SCREEN/LM-TXT].
5.1.1. Record as written (TEXT: http://fiji.sc/Fiji) 
5.2. To determine if CFP and/or YFP expression is uniformly distributed, select ‘File’, and ‘Open’ to open an image [5.2.1-SCREEN/LM].  In the ‘tool’ menu, click ‘line’ then right click and select ‘Segmented line’ [5.2.2-SCREEN/LM].
5.2.1. Record as written
5.2.2. Record as written
5.3. Next, decide on the region of interest and draw a line along the cell periphery to trace the CFP and YFP signal [5.3.1-SCREEN/LM].
5.3.1. Record as written  
5.4. Then, select the drop-down menu ‘Analyze’ and choose ‘Plot Profile’ to generate a graph with position and intensity values for fluorescence along the segmented line [5.4.1-SCREEN/LM].
5.4.1. Record as written  
5.5. If desired, duplicate the intensity values into Excel or other graphic software to generate comparable intensity graphs [5.5.1-SCREEN/LM].
5.5.1. Record as written, Editor, see 5.6.1.
5.6. To quantify the polarity degree of CFP and YFP, collect approximately 20 representative cells from three replicate experiments [5.6.1-SCREEN/LM].  Calculate the polarity degree based on the ratio of high fluorescence intensity, over the low fluorescence intensity [5.6.2-SCREEN/LM].
5.6.1. If 5.5.1 is a spreadsheet with data for at least 20 representative cells, then point out that there is data for at least 20 cells here
5.6.2. Record as written, Editor, point out the polarity degree after the data populates the cells
5.7. To measure high and low values, draw a segmented line along the interested region at the cell periphery, then from the drop down menu click ‘Analyze, and then select ‘Measure’.  When the ‘Results’ window pops up, use ‘Mean’ values to perform the quantification [5.7.1-SCREEN/LM].
5.7.1. Record as written
5.8. From the cells displaying relatively uniform expression of CFP and YFP [5.8.1-SCREEN/LM], obtain the high and low values by measuring two randomly selected peripheral segments with equal length [5.8.2-SCREEN/LM].
5.8.1. Cells up on screen displaying uniform expression of CFP and YFP, or use Figure 3A and B without the red dashed lines, arrow heads, and H and L text.
5.8.2. Record as written, or use the graphs in Figure 3D and E
5.9. From the cells exhibiting obvious polar accumulation of fluorescent proteins, for example, the co-expression of CFP-BASL, DNyda-nYFP, and DNmpk-cYFP [5.9.1-SCREEN/LM], collect the high values from the peripheral regions with enriched fluorescence signals and the lows from the regions with low or no fluorescence accumulation [5.9.2-SCREEN/LM].
5.9.1. Cells on screen displaying polar accumulation of fluorescence, or use Figure 3C here
5.9.2. Record as written, or use the graph from Figure 3F, Editor, for the high values, point out the  
5.10. Pool the resultant high/low ratios from 20 cells together and test for normal distribution [5.10.1-SCREEN/LM].  Calculate the p values from the Student’s t test for normal distribution or the Kolmogorov-Smirnov test for non-normal distribution [5.10.2-SCREEN/LM].
5.10.1. Record as written 
5.10.2. Record as written
[bookmark: _GoBack]
6. Results: Spatial Reorganization of MAPK Signaling Pathway in Tobacco Cells 
6.1. This figure shows that when CFP-BASL is overexpressed in tobacco cells, it resulted in an even distribution pattern of CFP along the cell periphery.  Co-expression using YFP tagged, kinase-inactive versions of YDA and MPK6 also resulted in an even distribution pattern [6.1.1-LM].
6.1.1. LAB MEDIA Figure 3A and B, Editor, for the second part of the first sentence, point out the uniform turquoise blue outline in panel A.  For the second sentence, point out the uniform yellow outline in panel B.  Use the panels without the red dashed lines and arrowheads (Authors will provide).
6.2. However, when CFP-BASL was introduced into the DNyda-DNmpk6 interaction pair, both CFP and YFP were redistributed in a highly polarized manner.  This redistribution suggests that BASL interacts with YDA and MPK6 to spatially re-organize the MAPK signaling pathway in plant cells.  [6.2.1-LM].
6.2.1. LAB MEDIA Figure 3C, Editor, for the first sentence, point out the uneven pattern of the blue and of the yellow in the two panels in C.  Use the panels without the red dashed lines and arrowheads.


7. Conclusion (said by authors on camera)

7.1. Ying Zhang: Once mastered, this technique can be done in 72 hours if it is performed properly.
7.2. Ying Zhang: While attempting this procedure, it’s important to remember to use healthy tobacco plants and include proper controls. 
7.3. Ying Zhang: After watching this video, you should have a good understanding of how to transiently express protein complexes and visualize spatial distribution of protein-protein interactions in living plant cells.
7.4. Ying Zhang: After its development, this technique paved the way for researchers in the field of developmental and cell biology to explore dynamic signaling events in living cells.
7.5. Ying Zhang: Don't forget that working with Agrobacterium cultures can be hazardous and precautions such as wearing goggles, gloves and a lab coat should always be taken while performing this procedure.   


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.  

Insert your media filenames here.

6.1-1. Juan Dong_Figure 3A.tif- Overexpression of CFP-BASL
6.1-1. Juan Dong_Figure 3B.tif- Overexpression of DNyda-nYFP and DNmpk6-cYFP
6.2-1. Juan Dong_Figure 3C.tif- Overexpression of CFP-BASL , DNyda-nYFP and DNmpk6-cYFP.





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.
 2013, Journal of Visualized Experiments

