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Authors, please check the answers to the questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  (If you can record images/videos using your own camera/software, then mark 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______ 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 steps using the step numbers listed in this document. 4.3 - 4.5, 5.4 - 5.6
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. 5.5.
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________



1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:

Video editor: Graphics are in ‘51877_Graphic overview.pptx’

The overall goal of the following experiment is to measure the unidirectional fluxes of potassium and ammonia into and out of roots of intact barley seedlings, and to characterize the functioning of key nutrient transport systems in plant membranes. (Intro) 

This is achieved by first growing seedlings for 1 week in hydroponic solutions of specific chemical composition, to ensure that the plants are at a nutritional steady state. [Video editor: Slide 1: show the yellow ovals (seeds) being placed within each blue circle, then animate each seed producing the green shoot and roots] Hydroponic culture allows roots to be accessible for experimental manipulation. (Video editor: draw attention to/highlight the roots) (P1)

As a second step, roots of intact plants are immersed for variable periods of time in experimental solutions, (Video editor: Slide 2: animate plants being placed into the first container) including uptake solutions which have the substrate of interest “spiked” with its radioactive isotope. (Video editor: animate plants being transferred to the container with the radioactive symbol) This step will be used to determine the rates of transport into and out of seedlings. (P2)  

Next, plants are either dissected immediately after a short uptake period, for unidirectional-influx experiments, [Video editor: show Desorb graphic from Slide 3 followed by the following animation using (a) of Slide 3: plants being separated into the 3 parts] or transferred to an efflux funnel after a longer uptake, for measurement of tracer release using compartmental analysis by tracer efflux, or CATE. [Video editor: (b) of Slide 3: animate plants being placed into the funnel] (P3)
	
Results are obtained that can reveal key aspects of the capacity, energetics, mechanisms, and regulation, of transport systems. [Video editor: show Slide 4 and Slide 5.  For Slide 5, please animate the ions (K+, NH3, H+) moving across the cell membrane following the directions of the arrows] (P4)


B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Devrim Coskun: This method can help answer key questions related to plant nutritional physiology, such as: How are mineral nutrients and toxicants transported in and out of plants? How do such fluxes respond to changing environments, and how do they affect substrate tissue and cellular compartmentation? And lastly, how do abiotic stresses that compromise ecological environments and agriculture, such as salinity, drought, and heavy-metal toxicity, affect plant nutrient fluxes and dynamics?  

1.2. Ahmed Hamam: The main advantage of this technique over existing methods, like substrate depletion or accumulation assays, or ion-selective vibrating electrode measurements, is that unidirectional fluxes can be measured, as opposed to only net fluxes (i.e. the difference between influx and efflux). By doing so, we gain important insight into the capacity, energetics, mechanisms, and regulation of transport systems for plant nutrients and toxicants.   


Protocol (read by voice talent at JoVE):

2. Plant culture and preparation

2.1. The model species barley (TEXT: Hordeum vulgare L.) will be used in this experiment. Grow the barley seedlings hydroponically for 7 days in a climate-controlled growth chamber. 

Shots:
2.1.1. WIDE: Talent entering the walk-in growth chamber.
2.1.2. MED: Talent inspecting the barley seedlings in the growth chamber. 
2.1.3. CU: A shot of the 7-day-old barley seedlings.

2.2. One day prior to experimentation, bundle several seedlings together to make a single replicate: wrap a 2-cm piece of Tygon tubing around the basal portion of the shoots, and secure the tubing with tape to create a “collar”. 

Shots:
2.2.1. MED: Talent bundling several seedlings together.
2.2.2. CU: Tygon tubing being wrapped around the basal portion of the shoots, and then secured with tape to create a “collar”.

2.3. Use 3 plants per bundle for the direct influx, or DI, assay, and 6 plants per bundle for the compartmental analysis by tracer efflux, or CATE, assay.

Shots:
2.3.1. MED: Talent showing the camera a bundle of 3 plants and a bundle of 6 plants.

3. Preparation of experimental materials, solutions, and radiotracers

3.1. One day prior to the experiment, prepare the following materials and solutions:  for DI, gather pre-labelling, labelling, and desorption solutions, centrifugation tubes, and sample vials. Aerate and mix all solutions.

Shots:
3.1.1. WIDE/MED: Talent gathering and setting out the pre-labelling, labelling, and desorption solutions, centrifugation tubes, and sample vials.
3.1.2. MED: Talent aerating and mixing a solution.

3.2. For CATE, gather the following: well-mixed, aerated labelling and elution solutions, efflux funnels, centrifugation tubes, and sample vials. 

Shots:
3.2.1. MED: Talent setting out labelling and elution solutions, efflux funnels, centrifugation tubes, and sample vials.

3.3. Prepare the radiotracers on the day of the experiment, following all the requirements of the radioactive materials license of the institution. Wear proper safety equipment and dosimeters and use appropriate shielding. (Videographer: author will perform a mock-up that does not involve radioactivity) 

Shots:
3.3.1. MED: Talent putting on lab coat, lead vest/collar, goggles and gloves.
3.3.2. MED: Talent putting on TLD ring and badge.

3.4. For preparation of the radioactive potassium isotope, potassium-42, place a clean, dry beaker on the balance and zero the balance.

Shots:
3.4.1. MED: Talent placing a clean, dry beaker on the balance and then zero-ing the balance.

3.5. Remove a vial of the tracer (TEXT: 20 mCi of 42K2CO3) from its packaging and pour the powder into the beaker. Take note of the mass. 

Shots:
3.5.1. CU: A vial of the tracer being removed from its packaging and the powder poured into the beaker.

3.6. Pipette 19.93 ml of dH2O into the beaker, followed by 0.07 ml of sulfuric acid. Subsequently, the concentration of the radioactive stock solution is calculated, given the mass and molecular weight of potassium carbonate and the volume of the solution. Use a Geiger-Müller counter to routinely monitor for contamination.

Shots:
3.6.1. MED: Talent pipetting dH2O into the beaker, followed by H2SO4.
3.6.2. MED: Talent checking himself with a Geiger counter.

3.7. The radioactive nitrogen-13 isotope is produced in a cyclotron (TEXT: 13NH3/13NH4+; 100-200 mCi activity) and arrives as a liquid.

Shots:
3.7.1. MED: Talent setting out previously prepared 13NH3/13NH4+ tracer.


4. Direct influx (DI) measurement

4.1. For DI measurements using potassium-42, pipette the amount of radioactive stock solution required to reach the desired final concentration of potassium into the labelling solution.

Shots:
4.1.1. MED: Multiple takes from different angles of talent pipetting 42K+ stock solution into the labelling solution. Shot will be repeated later.

4.2. For DI measurements using nitrogen-13, pipette a small amount, <0.5 ml, of the radiotracer into the labelling solution. Allow the labelling solution to mix thoroughly via aeration.

Shots:
4.2.1. CU: Talent pipetting 13NH3/13NH4+ into the labelling solution.
4.2.2. MED: Talent aerating the labelling solution (attaching tubing hooked up to airline provided by the building).

4.3. Next pipette a 1 ml sub-sample of labelling solution into each of four sample vials.

Shots:
4.3.1. CU: Multiple takes from different angles of 1 ml of labelling solution being pipetted into each of four sample vials. Shot will be repeated later.
[bookmark: _GoBack]
4.4. Measure the radioactivity in the vials using a gamma counter. Ensure that the counter is programmed such that the “counts per minute”, or cpm, readings are corrected for isotopic decay, which is particularly important for short-lived tracers. 

Shots:
4.4.1. MED: Multiple takes from different angles of talent approaching the gamma counter with the samples.  Shot will be repeated later.
4.4.2. CU: Multiple takes from different angles of talent placing bar-code tab, which indicates to the counter/computer which isotope is being measured, onto the first rack of samples being counted. Shot will be repeated later.

4.5. Calculate the specific activity of the labelling solution, So, expressed as “counts per minute per micromole,” by averaging the counts of the four samples and dividing by the concentration of substrate in solution. 

Shots:
4.5.1. LAB MEDIA: Specific activity.pptx

4.6. Immerse the barley roots in a non–radioactive, pre-labelling solution for 5 minutes, to pre-equilibrate the plants under test conditions.

Shots:
4.6.1. MED: Talent immersing the barley roots in a non–radioactive, pre-labelling solution.

4.7. After that, immerse the roots in the radioactive labelling solution for 5 minutes.

Shots:
4.7.1. CU: Barley roots being transferred to the radioactive labelling solution.

4.8. Transfer the roots to a desorption solution for 5 seconds to remove the bulk of surface-adhering radioactivity. Then transfer the roots into a second beaker of desorption solution for 5 minutes to further clear the roots of extracellular tracer.

Shots:
4.8.1. MED: Talent transferring roots to a desorption solution for 5 seconds, and then transferring roots into a second beaker of desorption solution.

4.9. Dissect and separate the shoots, basal shoots, and roots.

Shots:
4.9.1. CU: Multiple takes from different angles of plants being dissected to separate the shoots, basal shoots, and roots. Shot will be repeated later.

4.10. Place the roots in centrifuge tubes and spin the samples for 30 seconds in a low-speed, clinical-grade centrifuge to remove surface and interstitial water. (TEXT: 30 s; ~5000 x g)

Shots:
4.10.1. CU: Roots being put in centrifuge tubes.
4.10.2. MED: Multiple takes from different angles of talent putting centrifuge tubes into the centrifuge. Shot will be repeated later.

4.11. Weigh the roots to obtain the fresh weight.

Shots:
4.11.1. MED: Talent weighing the roots.

4.12. Measure the radioactivity in the plant samples using a gamma counter.

Shots:
4.12.1. Use shot from 4.4.1.
4.12.2. Use shot from 4.4.2.

4.13. Calculate the influx into the plant using this formula: (show formula)

Shots:
4.13.1. LAB MEDIA: Influx calculation.pptx

5. Compartmental analysis by tracer efflux (CATE) measurement

5.1. Begin this procedure by preparing the labelling solution and measuring So as shown earlier. 

Shots:
5.1.1. Use shot from 4.1.1.
5.1.2. Use shot from 4.3.1.
5.1.3. Use shot from 4.4.1.

5.2. After measuring So, add 19 ml of H2O to each sample, such that the final volume is equal to the eluate volume of 20 ml. Count the radioactivity in each 20-ml sample.

Shots:
5.2.1. MED: Talent adding 19 ml of H2O to each sample.
5.2.2. MED: Multiple takes from different angles of talent counting radioactivity at the gamma counter.  (i.e., loading a rack of samples into the counter) Shot will be repeated later.

5.3. Immerse the roots in the labelling solution for 1 hour.

Shots:
5.3.1. CU:  Roots being immersed in the labelling solution.

5.4. After 1 hour, remove the plants from the labelling solution and transfer them to the efflux funnel, ensuring that all root material is within the funnel. Gently secure the plants to the side of the efflux funnel by applying a small strip of tape over the plastic collar.

Shots:
5.4.1. MED: Talent transferring the plants from the labelling solution to efflux funnel and making sure all the roots are in the funnel.
5.4.2. CU: A small strip of tape being placed over the plastic collar to secure plants to the side of the funnel.

5.5. Gently pour the first eluate into the funnel. Start a timer to count up in seconds.

Shots:
5.5.1. CU: Talent gently pouring the first eluate into the funnel.
5.5.2. CU: A timer being started to count up in seconds.

5.6. After 15 seconds, open the spigot and collect the eluate in the sample vial. Close the spigot. Gently pour the next eluate into the funnel.

Shots:
5.6.1. CU: Multiple takes from different angles of spigot being opened and eluate collected in the sample vial.  Shot will be repeated later.
5.6.2. MED: Multiple takes from different angles of talent closing the spigot, and then gently pouring the next eluate into the funnel. Shot will be repeated later.

5.7. In this manner, collect the eluate for the remainder of the elution series, for a total elution period of 29.5 minutes. [TEXT: Elution series from first to final eluate: 15 s (4X), 20 s (3X), 30 s (2X), 40 s (1X), 50 s (1X), 1 min (25X)]

Shots:
5.7.1. Use shot from 5.6.1.
5.7.2. Use shot from 5.6.2.

5.8. Once the elution protocol is complete, harvest plants as shown earlier.

Shots:
5.8.1. Use shot from 4.9.1.
5.8.2. Use shot from 4.10.2.

5.9. Count the radioactivity in the eluates and the plant samples using the gamma counter, multiplying the reading for each eluate by the dilution factor.

Shots:
5.9.1. Use shot from 5.2.2.

5.10. Plot tracer release as a function of elution time. For steady-state conditions, perform linear regressions and calculations of fluxes, half-lives of exchange, and pool sizes.

Shots:
5.10.1. MED/over the shoulder: talent at the computer performing the analysis.
5.10.2. LAB MEDIA: CATE.pptx


6. Results: radioactive tracers measure the influx and efflux of nutrients and toxicants in plants

6.1. Shown here are representative isotherms for ammonia influx as a function of varying external concentrations of ammonia in intact roots of barley seedlings grown at high ammonia/ammonium and either low (Video editor: red dots) or high (Video editor: blue squares) potassium.

Shots:
6.1.1. LAB MEDIA: Fig 1.pdf

6.2. Ammonia fluxes were significantly higher at low potassium. Michaelis-Menten analyses of the isotherms reveal that high potassium has relatively little effect on the substrate affinity of ammonia-uptake transporters, but significantly reduces the transport capacity.

Shots:
6.2.1. LAB MEDIA: Fig 1.pdf

6.3. This next result highlights the rapid plasticity of the potassium-uptake system in roots of intact barley seedlings grown at moderate-potassium and high-ammonium. An ~350% increase in potassium influx was observed within 5 minutes of ammonium withdrawal from the external solution. (Video editor: highlight the tallest bar) This “ammonium withdrawal effect” was sensitive to the potassium-channel blockers tetraethylammonium (Video editor: highlight TEA+ bar), barium (Video editor: highlight Ba2+ bar), and cesium (Video editor: highlight Cs+ bar).

Shots:
6.3.1. LAB MEDIA: Fig 2.pdf

6.4. These plots show the steady-state potassium-42 efflux in roots of intact barley seedlings grown at low potassium and moderate nitrate, and the immediate effects (Video editor: highlight the black arrow at t = 15.5 min) of 10 mM cesium chloride, (Video editor: orange squares) 5 mM potassium sulfate, (Video editor: gray triangles) and 5 mM ammonium sulfate (Video editor: yellow diamonds) on efflux. Potassium efflux was inhibited by either cesium or potassium, but stimulated by ammonium.

Shots:
6.4.1. LAB MEDIA: Fig 3.pdf

6.5. CATE can also be used to estimate concentrations and turnover times of the substrate in subcellular compartments. Regression analysis of the slowly-exchanging phase of tracer release, along with tracer retention in plant tissues, can reveal important information on pool size and half-lives of exchange of subcellular compartments, such as the cell wall, cytoplasm, and vacuole.

Shots:
6.5.1. LAB MEDIA: CATE.pptx

6.6. This table shows CATE parameters extracted from measurements of steady-state potassium-42 efflux in barley seedlings grown either with 1 mM nitrate (Video editor: highlight first row) or 10 mM ammonium (Video editor: highlight second row), the latter representing a toxic scenario. High ammonium causes suppression of all potassium fluxes and a significant decline in pool size. 

Shots:
6.6.1. LAB MEDIA: Table 1.xlsx

7. Conclusion (said by authors on camera)
7.1. Ahmed Hamam: Once mastered, the efficiency of DI methodology can be improved by staggering treatments by about 30 seconds. In this way, we have examined up to 10 conditions in a single experiment. Similarly, several CATE runs can be performed simultaneously, given sufficient time between runs.
7.2. Devrim Coskun: After watching this video, you should have a good understanding of how to measure fluxes of nutrients and toxicants in intact plants, by use of radioactive tracers.

       


Provided Media

1A. Introduction – 51877_Graphic Overview.pptx - images corresponding to the conceptual overview.
4.5 - Specific activity.pptx - equation for the calculation of So
4.13 - Influx calculation.pptx - equation for the calculation of influx
5.10 - CATE.pptx - graphical representation of CATE
6.1. – 6.2. Fig 1.pdf
6.3. Fig 2.pdf
6.4. Fig 3.pdf
6.5. CATE.pptx
6.6. Table 1.xlsx



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.
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