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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? 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. Please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.2., 2.3., 3.4., 3.10.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.10.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Klaus Koren: As the best electron acceptor, oxygen has a crucial role in biological systems. With this protocol, the oxygen distribution can be imaged in 2D using optodes [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Maria Moßhammer: In addition to its high spatial and temporal resolution, this method does not require an additional reference dye, is extremely robust, and allows the acquisition of structural images [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Vincent Scholz: This method can be applied to various areas of research in which oxygen plays a key role, including ecology, medical research, bioprinting, and pressure sensitive painting [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Maria Mosshammer: The optode fabrication can be challenging, as the amount of cocktail added to the support foil and the knife-coating device drag speed may require optimization and practice [1].

1.4.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

1.5. Klaus Koren: With this video contribution, we hope to make this powerful technique accessible to researchers from other fields of study [1].

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Section - Protocol
2. Planar Oxygen (O2) Optode Fabrication
2.1. To prepare a planar oxygen optode, first use a film of water or 70% ethanol to fix a clean, dust free PET (P-E-T) foil on a cleaned glass plate [1-TXT].
2.1.1. WIDE: Talent placing foil onto plate, with ethanol container visible in frame TEXT: PET: polyethylene terephthalate
 
2.2. Place a clean, 120-micrometer knife coating device onto the foil [1] and use a glass pipette to apply a line of sensor cocktail in front of the device [2-TXT].

2.2.1. Device being placed onto foil
2.2.2. Cocktail being added Videographer: Important step TEXT: See text for all solution preparation details  Author comment: Combined with 2,3,1 in one shot

2.3. Next, drag the knife-coating device slowly and uniformly over the PET foil to spread the cocktail evenly [1].

2.3.1. Device being dragged/cocktail being spread Videographer: Important step Author comment: Combined with 2,2,2 in one shot

2.4. Then dry the finished planar oxygen-sensitive optode in ambient air for 1 hour [1] before drying overnight in a heated cabinet at 50-60 degrees Celsius [2].

2.4.1. Talent setting timer, with optode visible in frame
2.4.2. Talent placing optode in heating cabinet

2.5. By the next morning, an approximately 12-micrometer-thick layer will have been obtained [1]. Store the optode protected from light until further use [2].

2.5.1. ECU: Shot of layer
2.5.2. Talent placing optode in envelope or similar 

3. Rhizo-Sandwich Chamber Preparation

3.1. To prepare a rhizo-sandwich chamber, use light-curable, acrylic-based instant adhesive to glue microscope slides along the edges of a glass plate [1], leaving one long edge open [2-TXT].

3.1.1. WIDE: Talent gluing slides  Author comment: Use pick up shoot at the end of the shooting 
3.1.2. as the talent was shaking in the first take
3.1.3. 
3.1.4. Shot of glued slides with one long edge open TEXT: Shorten slides w/ glasscutter as necessary

3.2. Cut the planar optode into the required shape and size to fit into the space between the glued microscope slides [1] and place the optode on the inside of the front glass plate with the coated side upwards [2].

3.2.1. Talent cutting optode
3.2.2. Optode being placed Author comment: 3.2.1&3.2.2 combined in one shot.

3.3. Tape one edge of the optode foil to the glass plate [1] and add tap water between the glass plate and the optode foil [2].

3.3.1. Edge being taped
3.3.2. Water being added between plate and foil Author comment: combined with 3.4.1 and 3.4.2 in one shot.

3.4. Slowly lower the foil onto the water droplets, allowing the optode to straighten itself out on the glass surface [1] and use a soft tissue to carefully remove any air bubbles trapped between the optode and the plate [2-TXT].

3.4.1. Foil being lowered Videographer: Important step
3.4.2. Bubbles being removed Videographer: Important step TEXT: Caution: Do not scratch sensor coating 

3.5. Then wipe the glass plate dry [1] and tape the remaining edges of the foil to the plate [2].

3.5.1. Plate being wiped
3.5.2. Foil being taped

3.6. Next, use a flat glass plate to distribute 0.5-millimeter-sieved  sediment evenly across the plate to the same thickness as the microscope slide spacers [1].

3.6.1. Sediment being distributed

3.7. Carefully clean the upper surface of the microscope slides to ensure that the second glass plate seals the chamber properly [1] and apply silicon grease to the microscope slide surface [2].

3.7.1. Slide(s) being cleaned
3.7.2. Grease being applied

3.8. Then cover the sediment with a thin film of water while carefully avoiding the formation of air bubbles [1].

3.8.1. Water being added

3.9. Before placing a sample onto the sediment, carefully wash a single shoot of Littorella uniflora [1] and position the shoot on the sediment with the leaves sticking out from of the upper open side [2].

3.9.1. Talent washing plant
3.9.2. Shoot being placed

3.10. When the sample is in place, place the glass plate with the optode onto the sediment [1] and apply gentle pressure to bring the optode in close contact with the plant roots and the surrounding sediment [2].

3.10.1. Optode being placed Videographer: Important/difficult step  Author comment: 3,10,1 3,10,2 and  3,11,1 combined in one shot
3.10.2. Optode being pressed onto roots/sediment Videographer: Important/difficult step

3.11. Use clamps to fasten the plates together [1] and dry the outer edges with tissue paper [2].

3.11.1. Clamp being placed
3.11.2. Edge(s) being dried

3.12. Repeatedly add a few drops of water to the leaves to keep the plant hydrated throughout the assembly of the rhizo-sandwich [1] and use vinyl electrical tape to tighten the rhizo-sandwich chamber [2].

3.12.1. Water being added to leaves
3.12.2. Chamber being taped

3.13.  Then seal the edges with modeling clay [1] and additional electrical tape [2].

3.13.1. Clay being placed
3.13.2. Edges being taped

4. Imaging Setup

4.1. To prepare for imaging, remove the foil from the optode [1] and position the rhizo-sandwich chamber with the glass wall with the optode upright against the aquarium wall [2].

4.1.1. WIDE: Talent removing foil
4.1.2. Chamber being positioned against wall

4.2. Use a spacer to press the rhizo-sandwich chamber against the wall [1] and place the frequency-domain-based luminescence lifetime camera equipped with an objective in front of the aquarium and the area of interest [2].

4.2.1. Chamber being placed against wall
4.2.2. Talent placing camera

4.3. Attach a suitable emission filter for imaging the indicator dye to the camera objective [1] and fix the light guide in the LED (L-E-D) excitation source [2].

4.3.1. Filter being attached
4.3.2. Light guide being fixed

4.4. Then position the guide so that it will evenly illuminate the planar optode foil covering the area of interest [1].

4.4.1. Guide being positioned

5. Camera Settings and Operation

5.1. In the imaging software, select the camera [1] and select the LED in the LED control software [2].

5.1.1. WIDE: Talent selecting camera, with monitor visible in frame
5.1.2. SCREEN: To be provided by Authors on Oct 17 2019: LED being selected

5.2. Set the LED intensity as needed and tick analog and sync to confirm that the LED is triggered by the external transistor-transistor logic [1].

5.2.1. SCREEN: To be provided by Authors on Oct 17 2019: Intensity being set, then analog and sync being ticked

5.3. Manually focus the camera and adjust the objective aperture [1] and set the internal modulation source, sine wave for the output waveform, additional phase sampling, 8 phase samples, phase order opposite, Tap A + B readout, and 5 kilohertz modulation frequency [1].

5.3.1. Talent focusing camera/objective
5.3.2. SCREEN: To be provided by Authors on Oct 17 2019: Source, sine wave, phase sampling, etc being set

5.4. Adjust the exposure time until the Region of Interest Statistics readout for the normalized luminescence intensity image is in the range of 0.68-0.72 [1].

5.4.1. SCREEN: To be provided by Authors on Oct 17 2019: Exposure time being adjusted

5.5. Then click Capture reference to start the acquisition of a reference measuring series [1].

5.5.1. SCREEN: To be provided by Authors on Oct 17 2019: Capture reference being set

6. O2 Optode Calibration and Sample Imaging

6.1. To calibrate the optode, use a gas-mixing device to flush the water in the calibration aquarium with an ambient air-nitrogen gas mixture with a known oxygen concentration [1-TXT], monitoring the oxygen concentration with an external probe with an oxygen sensor [2].

6.1.1. WIDE: Talent flushing aquarium TEXT: Aerate for sufficient period according to gas flow rate and size of aquarium
6.1.2. Talent adding probe to aquarium

6.2. Then acquire a series of images at different oxygen concentrations [1] in the calibration chamber to obtain a proper curve fit to the acquired calibration data [2].

6.2.1. Talent obtaining image(s)
6.2.2. LAB MEDIA: Figure 4A

6.3. When the system has been calibrated, switch off the light supplying irradiation to the plant and all of the other light sources [1] and adjust the acquisition time based on the intensity of the image to ensure that the signal is neither oversaturated nor too weak for a good signal to noise ratio in the lifetime determination [2].

6.3.1. Talent switching off light
6.3.2. SCREEN: To be provided by Authors on Oct 17 2019: Acquisition time being adjusted

6.4. When all of the oxygen lifetime images have been acquired, turn back on the lights to obtain a structural image [1] and obtain an image with a ruler in the field of view to enable subsequent scaling of the acquired images [2].

6.4.1. Talent turning on light
6.4.2. SCREEN: To be provided by Authors on Oct 17 2019: Image being obtained



Section – Results
7. Results: Representative Optode Calibration and Lifetime O2 Distribution Imaging 

7.1. Before imaging the sample, the optode must be calibrated [1].

7.1.1. LAB MEDIA: Figure 4

7.2. Following a quasi-exponential decay, the measured luminescence lifetime decreases [1] as the oxygen concentration increases [2].

7.2.1. LAB MEDIA: Figure 4A: JoVE Video Editor please stretch an arrow from 60-10 on the y-axis
7.2.2. LAB MEDIA: Figure 4A: JoVE Video Editor please stretch an arrow from 0-210 on the x-axis

7.3. This relationship can also be described using the simplified two-site model [1].

7.3.1. LAB MEDIA: Figure 4B: JoVE Video Editor please emphasize data line or stretch diagonal arrow from bottom left corner of graph to top right corner

7.4. Once the optode has been calibrated, it is possible to determine the oxygen concentration by imaging the luminescence lifetime [1], as observed in these images in which the distribution of the oxygen concentration in the rhizosphere of Littorella uniflora was imaged in darkness [2] and after light exposure to 500 micromole photons/meters-squared/second for 12 hours [3].

7.4.1. LAB MEDIA: Figures 5A and 5B
7.4.2. LAB MEDIA: Figures 5A and 5B: JoVE Video Editor please emphasize Figure 5A
7.4.3. LAB MEDIA: Figures 5A and 5B: JoVE Video Editor please emphasize Figure 5B

7.5. In addition to lifetime images, “structural” images can also be acquired under external illumination [1], while keeping the imaging geometry fixed, to allow the oxygen imaging to be precisely correlated to the structural image [2].

7.5.1. LAB MEDIA: Figure 5C
7.5.2. LAB MEDIAL Figure 5C:  JoVE Video Editor please add Figure 5B next to Figure 5C

7.6. Oxygen concentration profiles across a single root [1], for example, can then be extracted from the images acquired in darkness and light [2].  

7.6.1. LAB MEDIA: Figure 5D: JoVE Video Editor please emphasize black data line
7.6.2. LAB MEDIA: Figure 5D: JoVE Video Editor please emphasize red data line



Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Klaus Koren: It is critical to have a good contact between the sample matrix and the planar optode to avoid analytical artifacts. If you are in doubt, remake the sandwich [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 3.10.)
8.2. Klaus Koren: The instantaneous acquisition of an image in a non-destructive manner allows investigation of the chemical microenvironment, as well as other analytes, such as the pH, over time [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Author comment: Text was changed while speaking it
8.3. Vincent Scholz: Planar optodes can be used to identify microbial hotspots in the sediment. After imaging, the sandwich can be opened to sample these hotspots for subsequent microbial community analysis [1].
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Author comment: Text was slightly changed
8.4. Maria Moßhammer: Be sure to perform the optode fabrication in a fume hood, as the sensor cocktail contains chloroform [1].
8.4.1. [bookmark: _GoBack]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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