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A.
i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? Step 2.5.1: seedlings are photographed using a digital USB microscope so that they can be measured. Required microscopy and images/video can be provided from the lab using screen capture.

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


(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? 

These steps are highlighted and in italics.
D.
What is the single most difficult aspect of this procedure and what do you do to ensure success?  


Technically, the procedure is relatively simple.  The critical step of the protocol is ensuring that the organism of interest does not acidify the medium during growth to levels that are incompatible with CEPA decomposition to ethylene. To ensure success, it is important to test the growth and pH of cultures in the presence and absence of CEPA for each organism of interest. 

E.
Will the filming need to take place in multiple locations? (Y/N) Yes, just down the hall on the same floor.
1. Introduction  
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to provide a simple and safe method for the study of bacterial response to ethylene. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. J. Strap: This method can help answer key questions in plant-microbe interactions such as the role that ethylene plays in bacterial adhesion and colonization of plants. 
1.2. J. Strap: The main advantage of this technique is that it does not require any specialized equipment and is much safer than handling gaseous ethylene in the lab.   
1.3. A. Varley: Though this method can provide insight into how bacterial cellulose production is affected by ethylene, it can also be applied to other plant-associated microorganisms for the in vitro study of ethylene-mediated processes involved in plant colonization.
Protocol (read by voice talent at JoVE):
2. Triple Response Assay
2.1. In preparation, make 100 mL of growth medium for the Arabidopsis seedlings [1.WID] and make 100 mL of bacterial growth medium for CEPA (pronounce as “see-pah”) decomposition. [2.MED-TXT]
2.1.1. Mixing batch of Arabadopsis medium

2.1.2. Mixing batch of bacterial growth medium, TEXT: 2-chloroethylphosphonic acid (CEPA)

2.2. Once the Arabidopsis medium has tempered, [1.MED] divide 40 mL out to a sterile flask, and supplement the aliquot with 40 µL of 10 mM ACC (pronounce as letters). [2.MED]
2.2.1. Unwrapping autoclave tape from Arabidopsis medium bottle, 110 100 mL
2.2.2. adding aliquot of ACC to 40 mL of Arabidopsis medium in new flask, and mixing
2.3. Now load the plate quadrants with 5 mL of medium and allow the agar to solidify. [1.CU]  Opposing quadrants of all plates have bacterial growth medium and Arabidopsis medium. [2.CU]
2.3.1. Adding bacteria medium to opposing quadrants of plate

2.3.2. Adding Arabidopsis medium to opposing quadrants of same plate, so plate is full

2.4. Use three different medium configurations.  The CEPA treatment will occur later in the protocol. [LM]
2.4.1. Fig 1 – diagram on how to load plates 
2.5. Prepare each plate configuration in triplicate. [MED]
2.5.1. Loading mediums media into 3rd of the same plate type (like 2.3.1 + 2.3.2)
2.6. Once the agar has cooled, [1.MED] evenly distribute approximately fifty seeds onto each quadrant of Arabidopsis medium. [2.CU]
2.6.1. Starts loading seeds onto one plate

2.6.2. Detail of loading seeds onto one plate quadrant

2.7. Then, incubate the plates in the dark at 4 ºC for 3 or 4 days. [WID]
2.7.1. Loading plates into incubator cold room
2.8. Later, after incubating the seeds, expose them to fluorescent light for 2 hours. [WID]
2.8.1. Following shot, takes plates out from incubator and places them under fluorescent lights
2.9. Then, spread 10 µL of 500 mM CEPA stock solution onto the bacterial agar [1.MED] of one plate configuration.  The final CEPA concentration in the agar will be 1 mM.  [2.CU]
2.9.1. Adding aliquot of CEPA to plate and spreading

2.9.2. Repeating 2.9.1 on next quadrant, show spreading in detail
2.10. Now, seal all the plates with laboratory film and wrap them in foil. [MED]
2.10.1. Film as written
2.11. Then, place the plates in a dark environment at 23 ºC [1.WID] with the agar side down and let them incubate for three days to germinate the seeds. [1.WID] [2.CU] [3.CU]
2.11.1. Arriving to incubator with plates, opening door and placing plates inside; TEXT: If stacked, put negative controls on the bottom, as ethylene is lighter than air.
2.11.2. Arranging plates agar side down in incubator (Not filmed)
2.11.3. Arranging plates as stacks in incubator  (Not filmed)
2.12. After the seeds germinate, use flame-sterilized forceps [1.MED] to remove seedlings corresponding to each treatment. Select 30 seedlings from each quadrant, [2.CU] for a total of 180 per treatment. [3.CU]
2.12.1. Sterilizing the forceps

2.12.2. Picking seeds from a plate

2.12.3. Show where seeds are collected and that 100+ seeds are being collected per condition, show how they are arranged when collected

2.13. Image the seedlings under a dissecting microscope or with a high-resolution digital camera [1.CU] against a black background next to a ruler for scale. [2.LM]
2.13.1. Setting up seedlings for photographing under scope using a digital camera 
2.13.2. To be provided by authors – image/video of focusing on seedlings with ruler, as described [SCREEN 2.13.2_seedlings.tif]
2.14. Then, measure their hypocotyl length using ImageJ software. [MED]

2.14.1. Talent at computer, opening images in ImageJ, show screen of computer

2.15. Using the “Straight” tool, measure 10 mm and select “Set Scale” under the “Analyze” tab to set the scale. Then, use the “Segmented” tool under the “Straight Line” tool to measure each hypocotyl [1.LM] and press M to [2.CU] calculate their lengths. [3.LM]
2.15.1. To be provided by authors – screen capture of using straight tool.  First setting the scale and then using it to prepare to collect data (just before pressing M). [LAB MEDIA 2.15.1_ImageJ-movie1.avi]
2.15.2. Pressing the M key 

2.15.3. To be provided by authors – screen capture of data popping up after pressing M. [2.15.3_ImageJ-movie2.avi]  
Author, provide two files for this.  2.16.1.mov and 2.16.3.mov.  Thanks! [I think you meant 2.15.1 and 2.15.3]
3. Pellicle Assay

3.1. A. Varley: The pellicle assay is a standard analysis tool for bacterial cellulose production.  pH and morphological analyses are detailed in the text protocol. [MED/WID]
3.1.1. Interview at bench

3.2. In preparation, harvest cells from starter cultures, in triplicate, [1.WID] and quantify the cells using a Petroff-Hausser counting chamber. [2.MED]
3.2.1. Harvesting cells, any representative action
3.2.2. Loading aliquot(s) of cell suspension(s) into counting chamber(s)
3.3. Then, prepare four media master mixes with different CEPA concentrations.  [WID]
3.3.1. Setting up four flasks tubes, SEPA CEPA solutions and SH medium all handy
3.4. For each master mix, aliquot 60 mL of pH 7 SH medium [1.MED] and add 120 µL of either 0, 5, 50 or 500 mM CEPA stock solution to obtain final CEPA concentrations of 0, 0.01, 0.1, or 1.0 mM. [2.MED] Mix these media by swirling the flasks. [3.CU]
3.4.1. Adding SH medium to the tubes flasks
3.4.2. Adding different CEPA stock solution concentration to the tubes flasks
3.4.3. Vortexing Swirling one of the tubes flasks
3.5. One set of media is needed for each of the triplicates [1.MED] and a fourth set is needed to function as a sterile control. [2.WID] So, divide each 60-mL medium preparation into four 14 mL aliquots. [3.MED]
3.5.1. Vortexing more of the tubes (Not filmed)
3.5.2.  Vortexing the last of the tubes (Not filmed)
3.5.3. Dividing one of the 60 mL tubes into 4 smaller tubes
3.6. Then, pre-cool the 14 mL aliquots before inoculating with their respective starter cultures [1.MED], for a final concentration of 100 thousand cells per mL.  Keep all the inoculated tubes on ice to prevent cellulose production. [2.CU]  Use the remaining 14 mL aliquots for sterile control wells. [3.MED]
3.6.1. Preparing to aliquot culture into the tube Placing aliquots on ice
3.6.2. Adding bacteria to tubes, vortex mixing and placing tubes back on ice, show order of operation as talent prefers to do it
3.6.3. Setting aside a set of tubes to not add culture to
3.7. Now, from each 14-mL master mix, load 2-mL aliquots into six wells of a sterile 24-well plate [1.MED] for a total of four loaded plates per starter culture analyzed.  [2.MED]
3.7.1. Loading wells of one 24-well plate
3.7.2. Loading wells of fourth loaded 24-well plate, other three loaded and in shot
3.8. Carefully seal the plates with paraffin film [1.CU] and incubate them statically for 7 days at 30 ºC. [1.MED]
3.8.1. Wrapping plate with paraffin
3.8.2. Loading plates into incubator
3.9. During the incubation, incubate a 25 mL liquid culture in parallel to periodically measure the medium’s acidity. [1.WID-TXT] If the acidity drops below a pH of 5 then the organism’s growth [2.MED] will inhibit the decomposition of CEPA to ethylene and is thus incompatible with this assay. [3.MED] second VO take adding “of”
3.9.1. Arriving with plates flask to the bench, TEXT: See text protocol for details.
3.9.2. Performing pH test of medium (any representative action, talent’s choice)
3.9.3. Performing pH test of medium (any 2nd representative action, talent’s choice)
3.10. A week later, harvest and measure pellicle wet weight, thickness, dry weight and crystallinity.  [WID]
3.10.1. Arriving with plates to the bench, preparing to pick pellicles
3.11. To collect a pellicle from the plate, depress one side of the pellicle to elevate the opposing edge and pick it up with forceps. [ECU]
3.11.1. Film as written, show multiple pellicles picked this way

3.12. While retaining grip, place them on a fresh paper towel for 3 seconds to remove excess medium.  [CU]
3.12.1. Placing pellicle on towel then removing after medium soaked off, repeating
3.13. Then, weigh each pellicle and record this as the “wet weight”. [MED]
3.13.1. Setting dry pellicles from towel on scale and logging their weight in book
3.14. Next, align the pellicles along a ruler [1.ECU] and photograph them from the side using a high resolution digital camera.  [2.MED]
3.14.1. Film as written
3.14.2. Talent using camera to capture image of pellicle thickness
3.15. Analyze these photos for the pellicles’ thicknesses. [LM]
3.15.1. To be provided by author – photo for pellicle thickness measurement [SCREEN 3.15.1_pellicle-thickness.tif]
3.16. Next, individually transfer the pellicles into the wells of a 6-well plate. [1.MED] Treat them with 12 ml of 0.1 normal sodium hydroxide [12.CU] at 80 ºC [12.CU] for 20 minutes to lyse the cells. [34.MED]
3.16.1. Loading pellicles into 6-well plate
3.16.2. Adding NaOH to plate wells
3.16.3. [Do not use this shot here, use shot 3.16.3 to replace 3.17.2] Covering plate and starting timer, show if agitation is used while NaOH reacts with pellicles
3.16.4. [Added Shot] Plate containing pellicles in NaOH placed in an oven at 80C

3.17. Then, remove the NaOH and neutralize the treated pellicles by thoroughly washing them with 12 ml of ultra-pure water [1.CU] for 24 hours with agitation in a 6-well plate. [23.16.3.MED]
3.17.1. Plate, pipette removes NaOH solution from each well, then starts loading well with water
3.17.2. Use shot 3.16.3 here instead Setting up plate on rocker/shaker and starting action
3.18. During this incubation, change the water every six hours. [MED]
3.18.1. Stopping rocker and changing solution in one of the plate wells
3.19. When the incubation is over, the pellicles should be white. [ECU]
3.19.1. Detail of pellicle in well after washed, looks white, pellicle is picked up
3.20. Then, place the pellicles on silicon mats [1.CU] and dry them at 50 ºC for 48 hours to prepare them for “dry weight” measurements. [2.MED]
3.20.1. Placing pellicle next to others on silicon mat

3.20.2. Loading silicon mat with pellicles into oven

3.21. The pellicle’s crystallinity can be analyzed using Fourier-transform infrared spectroscopy. [WID-TXT]
3.21.1. Any representative action of IR spec use, TEXT: See the text protocol for details. 
4. Triple Response Assay and Pellicle Assay Results 
4.1. Dark-grown Arabidopsis thaliana seedlings exhibited the triple-response-phenotype of a short, thick hypocotyl with an exaggerated apical hook in the presence of ACC, and in the presence of ethylene produced through the decomposition of CEPA on SH medium, but not under untreated conditions.
4.1.1. F54682_Strap_Figure3A.tif – this is a photo, at “short, thick” add a two bars that crosses the left right two plant stocks (hypocotyls), then float over the right left plant and show that they are larger than the right left plant’s stock thickness
4.2. Clearly, the hypocotyl length of the treated seeds was significantly less than the untreated controls.  Thus, ethylene was released from CEPA on SH medium at a physiologically relevant concentration. 
4.2.1. 54682_Strap_Figure3B.tif – no need to animate, however the photos of the three plants (from 3A) could be overlayed on their respective bars in this graph to better communicate that length it the measure.
4.3. All concentrations of CEPA-derived ethylene significantly decreased pellicle wet weight … 
4.3.1. 54682_Strap_Figure6A.tif 
4.4. … but did not affect pellicle thickness …
4.4.1. 54682_Strap_Figure6B.tif

4.5. … and all concentrations of CEPA-derived ethylene significantly increased pellicle dry weight.
4.5.1. 54682_Strap_Figure6C.tif

4.6. Furthermore, pellicle hydration was reduced by all concentrations of CEPA-derived ethylene.  
4.6.1. 54682_Strap_Figure8A.tif
Editor: In 4.3.1 – 4.6.1 there’s no need to animate anything, the graphs are all very clear.  Just give each graph a reasonable min of 10 seconds on screen to be understood by the viewers.
5. Conclusion (said by authors on camera)

5.1. A. Varley: While attempting this procedure, it is important to remember to measure the pH of the growth medium to ensure that the pH remains above 5 so the degradation of CEPA into ethylene is not inhibited.
5.2. A. Varley: Don't forget that working with powdered CEPA is extremely hazardous to mucus membranes and proper care should always be taken while performing this procedure.   

5.3. J. Strap: This technique will enable researchers interested in plant-bacteria interactions to safely explore ethylene-mediated responses in vitro, which will shed light on how plant signals affect bacterial colonization. Currently, this is an area that has been understudied. 
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.

SCREEN 2.13.2_seedlings.tif

2.15 – LAB MEDIA 5482_Strap_movie1 shot2-14-2-15.avi – movie of measuring control hypocotyl length in ImageJ
LAB MEDIA 2.15.1_ImageJ-movie1.avi

LAB MEDIA 2.15.3_ImageJ-movie2.avi
SCREEN 3.15.1_pellicle-thickness.tif

4.1.1 -- LAB MEDIA 54682_Strap_Figure3A.tif

4.2.1 – LAB MEDIA 54682_Strap_Figure3B.tif

4.3.1 – LAB MEDIA 54682_Strap_Figure6A.tif

4.4.1 – LAB MEDIA 54682_Strap_Figure6B.tif

4.5.1 – LAB MEDIA 54682_Strap_Figure6C.tif
5.1.1 – LAB MEDIA 54682_Strap_Figure8A.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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