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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)___N_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__2.3, 3.3, 3.6.1, 3.7, 4.4, 6.1________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Avoiding temperature spikes inside the sealed greenhouse, we use an air conditioner connected to a temperature monitoring and control system to maintain optimal temperatures.  
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE): 
Procedural Narrative:
The overall goal of this procedure is to produce plant material that is highly enriched in 13C and 15N uniformly throughout the plant, or differentially in structural and metabolic tissues. (Intro)
This is accomplished by first constructing an air-tight chamber for plant growth. (P1: The chamber can be constructed for the schematic by putting together the 6 walls of a cube.)
The second step is to control temperature, humidity and CO2 levels in the chamber to maintain suitable growing conditions for the plants. (P2: I’d add the labels for temp related things (including the Air conditioner and fans inside the box) with the word “temperature”, the dehumidifier and “humidity controls” with mention of “humidity” and CO2 tanks, and control systems along with the CO2 outlet with mention of “CO2”.)
Next, the plants are grown in the sealed chamber with air containing 13C-CO2 (pronounced thirteen see carbon dioxide) and irrigation and fertilization containing 15N.  (P3: Place a number of plants (can all look the same) into the chamber and connect the chamber to tanks with 13C (as shown in P2) and the plant pots to the fertilizer system (wire/box/bucket of fertilizer) have them grow in size as the container as the 15N fertilizer is depleted. Could add animation of the sun going up over the chamber to add some more visuals.)

The final step is to cease labeling by removing the differentially labeled plants from the chamber weeks prior to harvest so that their metabolic material becomes less enriched in 13C and 15N as compared to the structural plant components.  (P4: Pretty straight forward, show plants exiting the chamber.)
After harvesting the plant material, hot water extraction and isotope ratio mass spectrometry are used to measure overall isotopic labeling and differences in labeling strength.  (P5: Show the plant material going into the flask, boil the flask, then pipette some of the mixture into the box which in turn emits the yellow paths.)
*Uploaded as (51117-Jove schem diag.pptx)
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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. Jennifer: The main advantage of this technique over existing methods, like repeated pulse labeling or foliar application, is that it produces highly enriched plant material that is uniformly labeled, or can easily be differentially labeled in its metabolic and structural components.   

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. Chamber Construction
2.1. To begin this procedure, construct the labeling chamber as described in the accompanying text protocol by mounting 3.18 mm thick transparent acrylic walls and a 6.35 mm thick transparent acrylic ceiling on an aluminum frame with a white-painted steel floor.  The dimensions of the chamber can be tailored to suit specific plant growth needs.  The chamber shown here measures 1.2 x 2.4 x 3.6 meters and holds forty, 15 liter pots.  

2.1.1. WIDE: Show shots of the outside of the chamber. (Videographer: Take this from 3 or more different angles. One of the angles can also be used for 4.7.1)

2.1.2. MED/CU: Shot showing the ceiling focusing on the aluminum frame.

2.1.3. MED/CU: Shot of interest showing the white-painted floor.

2.2. Ensure that the chamber is air tight by by covering all the seams with adequate silicone sealant.
2.2.1. MED/CU: Talent adds silicone sealant to the chamber or points out the location/s of sealant. 

2.3. Mount the door onto machine screws which can be screwed and unscrewed using removable wing nuts.  Seal the door with weather stripping to prevent air leakage.  
2.3.1. MED: Talent places the door onto the machine screws.

2.3.2. CU: Talent turns the wing nuts to secure the door in place.

2.3.3. MED: Talent runs their finger along the weather stripping to point out its location.
2.4. In an area directly adjacent to the labeling chamber, mount the control center to the monitor and adjust the temperature, humidity, and CO2 within the chamber. Ensure that the electrical wires and gas tubing which pass into the chamber are well sealed with silicone to prevent air leakage.
2.4.1. WIDE: Show the control center.

2.4.2. MED Over the Shoulder: Talent adjusting the components using the control center.

2.4.3. CU: Show location of wires passing through into the chamber.  The talent may want to move the wires around to show that they are well sealed as they pass through the holes.
2.5. Optionally, add lights to the chamber to increase light penetration and control day length.  

2.5.1. MED: Talent shows lights inside the chamber using the best angle possible.

3. Temperature, Humidity, and CO2 Controls

3.1. To regulate chamber temperature, install a commercial split type air conditioner with the evaporator coils located inside the chamber and the compressor and condenser coils located outside the chamber to dissipate the heat.  
3.1.1. MED: Image of the A/C from inside the chamber.
3.1.2. MED: Image of A/C compressor and condenser coils from outside the chamber.

3.2. Next, install a small room dehumidifier in the chamber. Drill a hole through the floor adjacent to the dehumidifier and pass the drainage tube from the dehumidifier through the hole and into a jar primed with water.  This creates an airtight seal for the drain and allows for pressure equilibration.
3.2.1. MED: Image of dehumidifier from inside the chamber. (show the zoom in location seen in 3.2.2 in this shot as well, just from farther out.) Image of drainage tub coming from the dehumidifier and going into the hole. (inside chamber)
3.2.2. CU: Image of drainage tub coming from the dehumidifier and going into the hole. (inside chamber) CU: Image of outlet jar primed with water. (outside chamber)
3.2.3. CU: Image of outlet jar primed with water. (outside chamber)  We got the dehumidifier and drain in one shot (3.2.1) then the jar primed with water in the second shot (3.2.2).  
3.3. Regulate humidity in the chamber by connecting a programmable controller, such as an Omega iSeries with a humidity sensor, to the dehumidifier.    
3.3.1. MED: Talent connects the controller to power and then plugs in the sensors. 
3.3.2. CU: Location of humidity and temperature sensors (inside or outside chamber).

3.3.3. MED/CU: Talent connects the AC and dehumidifier to the controller.

3.4. Then, install an Infrared Gas Analyzer, or IRGA, with a diaphragm pump which continuously draws air from the chamber through the IRGA and back to the chamber.  This maintains a closed system while continuously monitoring CO2 concentration in the chamber.   
3.4.1. MED/CU: Talent points out the IRGA by going along the path of the air from the chamber, into the diaphragm pump and IRGA, and then back into the chamber.  
3.5. Next, connect two pure CO2 gas tanks to the CO2 control system.  One of the tanks should contain 10atom percent 13C-CO2, or higher, and the other should contain natural abundance 13C-CO2.  Set the tank regulators to 20 PSI.
3.5.1. MED: Talent connects the two CO2 gas tanks to the control system. Pan shot from 1% 13C-CO2 (Natural abundance) tank to 10% tank
3.5.2. MED: Talent opens the valves of both of the tanks and then sets the regulators to 20 PSI. (Videographer: Take ~3 seconds to open each tank so the voice over matches better with this step.)

3.6. After the regulators, insert solenoid valves in the gas lines to control CO2 injections by the IRGA software.  Control the opening and closing of the solenoid valves by connecting them to the IRGA via a solid-state relay.  
3.6.1. CU: Talent inserts points to solenoid valves and solid state relay into the gas lines.
3.6.2. MED/CU: Talent connects the valves to the relay.

3.7. Program a low alarm on the IRGA software to trigger the opening of the solenoid valves when the CO2 concentration in the chamber drops below a certain value, and a dead band to close the valves once the CO2 concentration reaches an upper set point. 
3.7.1. MED Over the Shoulder: Talent sets up the software to trigger the opening and closing of the valves using the values shown here. (360ppm with a dead band of 40ppm to maintain an atmosphere of approximately 380ppm CO2 )  
3.8. After the solenoid valves, attach a metering valve to each of the two gas tank lines and carefully adjust them to achieve a 4.4% 13C enrichment level for the chamber atmosphere.  
3.8.1. MED/CU: Talent attaches a metering valve to each of 2 gas tanks Talent adjusts he valve to get to 4.4% 13C.
3.8.2. CU: Talent adjusts he valve to get to 4.4% 13C.**can’t show the install so only show adjustment
3.9. Join the outlets together and finally pipe the line into the center of the chamber between fans, which help to distribute the labeled CO2 evenly throughout the chamber.  
3.9.1. MED/CU: Talent connects the pipes together with a Y-adaptor. Points to Y joint
3.9.2. MED/CU: Show the hose where it enters the chamber between the fans. Try and center the image with the fans in the shot.
4. Irrigation System and Potting Plants
4.1. To set up the irrigation system, first create one drip irrigation ring per pot and feed the irrigation tubing through a small hole made in the chamber wall to the exterior.
4.1.1. MED/CU: Talent displays an example of the irrigation ring.

4.1.2. MED/CU: Show image of the array of tubing leaving the chamber.
4.2. Then, seal the holes around the irrigation tubing with silicone to prevent air leakage.  On the exterior of the chamber, connect the irrigation tubing to peristaltic pump tubing and place a small hose clamp on it to prevent air leakage between waterings.
4.2.1. ECU: Show the tubing where it exits the chamber to display the seal.

4.2.2. CU: Talent connects the tubing to peristaltic pump tubing and plces a clamp on it. 
4.3. Germinate prior to planting in pots to ensure viability.  Inoculate the seedlings with fresh soil slurry to introduce beneficial microbes.  

4.3.1. MED: Talent sets down container with germinated seeds and begins to work with them.
4.3.2. CU: Talent inoculates the seedlings with fresh soil slurry.

4.4. Fill pots with a soil-free potting mix to eliminate the introduction of non-labeled carbon and nitrogen from soil.  Here, we use a mixture of sand, vermiculite, and a profile porous ceramic.  

4.4.1. MED: Talent fills the pots with soil-free potting mix.

4.5. Once the seeds have germinated, carefully transplant seedlings to the pots with minimal potting soil. Then, move the pots into the chamber and assemble each pot with an individual irrigation hose.  
4.5.1. MED/CU: Talent transplants the seedlings into the pot.

4.5.2. MED: Talent places the pot into the chamber.

4.5.3. CU: Talent puts the irrigation hose in place.

4.6. Finally, seal the door to the chamber and scrub the external CO2 by connecting a soda lime scrubber to the air pump until the CO2 concentration is down to at least 200-250 ppm before filling the chamber back up to 400 ppm using the 13C-CO2 tank mixture. 
4.6.1. MED: Talent tightens the wing-nuts on the door.

4.6.2. MED: Talent connects the scrubber to the air pump.

4.6.3. MED Over the Shoulder: Talent looks at the IRGA monitor to check on CO2 concentration.
4.7. Try to keep the chamber closed through the duration of the growing season to minimize natural abundance CO2 contamination.  
4.7.1. WIDE: View of entire setup.
5. Fertilization with a 15N-labeled Fertilizer 
5.1. First, label a Hoegland’s type fertilizer solution with 15N by first mixing 98 atom % 15N-KNO3 with natural abundance 15N-KNO3 and then adding it to the rest of the Hoegland’s solution.  Here, we use a 7 atom% 15N solution.  
5.1.1. MED: Talent mixes the solutions to make a sub-solution, then adds it to the Hoegland’s solution. 
5.1.2. CU: Talent labels the container with 7% 15N. And displays 7% 15N label
5.1.3.  then adds it to the Hoegland’s solution.
5.2. To fertilize, use a peristaltic pump to feed the 15N labeled fertilizer solution through the irrigation tubes.  
5.2.1. MED: Talent unclamps the hose and places the end into the fertilizer container

5.3. Unclamp the irrigation hoses and dispense varying amounts of fertilizer to the individual plants according to demand and experimental design.  
5.3.1. CU: Talent places the hose into the peristaltic pump and then turns on the pump.
5.4. Then, pump water through the hoses to rinse the fertilizer from the irrigation hoses.  The total amount of fluid added should not exceed the water holding capacity of the pots in order to minimize fertilizer waste.  
5.4.1. MED: Talent replaces the fertilizer with water.

5.4.2. CU: Water dripping from irrigation ring into pot/soil.  (Videographer:  Show the end result of pumping water/fertilizer into the pot.  Can be an example pot with no plant.)

5.5. Re-clamp all hoses after fertilization and irrigation to eliminate chamber air leakage.  
5.5.1. MED/CU: Talent places a clamp on the hose.
6. Harvest

6.1. For differential labeling of structural and metabolic components, remove plants from the labeling chamber 1-3 weeks prior to harvest.  
6.1.1. MED: Talent removes the plant from the chamber.

6.1.2. MED: Talent sets plant next to others that were removed from the chamber (in the lab maybe?)
6.2. Retain plants that are to be uniformly labeled inside the chamber until harvest. To induce senescence, simply cease irrigation.  
6.2.1. MED: Show background of plants inside the chamber with some plants outside in the foreground the irrigation hose in the foreground. The talent then walks up and clamps the irrigation hose.
6.3. When ready, harvest plants by first clipping the aboveground biomass.
6.3.1. MED: Talent removes the biomass.
6.4. After harvesting the aboveground biomass, pour out the potting mix and roots over a 6 mm coarse screen to separate out the roots from the potting mix.  
6.4.1. MED: Talent pours out the potting mix over a coarse screen and separates the roots from the potting mix.

6.4.2. CU: Talent removing potting mix from the roots.
6.5. Then, rinse the roots over a 2 mm screen to remove any remaining potting material. Use tweezers as necessary to remove any potting mix that may have clung to the roots and then allow the roots to air-dry in preparation for future experiments.
6.5.1. MED: Talent rinses the roots over a screen.

6.5.2. CU: Talent removes potting mix from root with tweezers.

6.5.3. MED/CU: Talent lays out roots to dry.

7. Results: Successful Incorporation of 13C and 15N into Plant Tissue
7.1. During three growing seasons of operation, the chamber has successfully maintained the temperature between 26 and 29 degrees C, humidity between 36 and 56%, and CO2 concentrations between 360 and 400 ppm as they were set up in the control center.  Shown here are representative results from the 2011 growing season of Andropogon gerardii. The CO2 build up during nighttime respiration does not appear to damage the growing plants and is quickly taken up after sunrise.
7.1.1. LABMEDIA: Figure 2 (Video Editor: Highlight the 20:00-0:00 and 0:00-8:00 times of the CO2 graph with the last sentence.)
[image: image2.emf]
7.2. The 15N labeling through the targeted 7 atom % 15N Hoegland’s solution produced highly labeled plant material at 6.7 atom% 15N. A slight dilution from the targeted 15N label may be caused by some natural abundance nitrogen in the potting mix or from the native soil inoculation.  
7.2.1. LABMEDIA: Table 1 (Highlight the 15N rows in the “Uniform (0)” column with the second half of the first sentence.)

7.3. The 13C labeling using a targeted 4.4 atom % 13C-CO2, resulted in 4.46 atom % 13C throughout the whole litter of the uniformly labeled plant material.  

7.3.1. LABMEDIA: Table 1 (Highlight the 13C row of the Whole Litter rows in the “Uniform (0)” column with the second half of the first sentence.  

7.4. The differentially labeled plants, which were removed from the chamber 7, 14 or 2 days prior to harvest,  had a significant difference in 13C and 15N content in metabolic components, obtained as hot water extracts, and structural components, obtained as hot water extract residues, indicating differential labeling of metabolic and structural plant materials.  

7.4.1. LABMEDIA: Table 1 (Highlight the13C and 15N rows when mentioned.)
[image: image3.emf]
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
8. 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.
8.1. Jennifer: After its development, this technique paved the way for researchers in the field of biogeochemistry to explore the fate and transformation of specific plant components through the environment at the micro and nano scale.
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.
( 2012, Journal of Visualized Experiments


