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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? 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? 
2.4., 2.6. 
4. What is the single most difficult aspect of this procedure and what do you do to ensure success
2.4., 5.2.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N
If yes, how far apart are the locations? 


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 (30 words maximum) and clarity.

1.1. Gabriel Paës: In lignocellulosic biomass, the activity of enzymes hydrolyzing polysaccharides is limited by the existence of non-specific interactions with lignin. FRET analysis is a relevant approach for evaluation at the nanoscale [1].

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

1.2. Corentin Spriet: Correlating fluorescence lifetime and spectrum measurements allows a quantitative, sensitive, and unambiguous FRET determination between lignin and tagged molecules in situ [1].

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

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

1.3. Anouck Habrant: Obtaining whole sections after peg removal can a challenge depending on the biomass. Take your time during the sectioning with the microtome and perform gentle washings [1].
 
1.3.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera (take 2)

1.4. Christine Terryn: This method employs the use of tricky techniques, like sample sectioning and multi-dimensional microscopy acquisition and analysis, that can be easier to learn with a visual demonstration [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (take 7)




Section - Protocol
2. Plant Sample Preparation
2.1. To prepare plant samples from wood, wheat, fibers or fragments, use razor blades to cut 1-centimeter-long samples without damaging the structure of the material [1] and place the samples under vacuum to remove any air [2].
2.1.1. WIDE: Talent cutting sample(s) (+ CU )
2.1.2. Talent placing sample(s) under vacuum (take 2)
2.2. Submerge the samples for 24 hours in successive 30% and 50% concentrations of PEG (peg) diluted in water at room temperature with gentle stirring [1-TXT] followed by 24 hours submerged in a 100% concentration of PEG at 70 degrees Celsius [3].
2.2.1. Talent adding sample to 30% PEG solution, with PEG container visible in frame TEXT: PEG: polyethylene glycol
2.2.1B incubation on a shaker (MED + CU)
2.2.2. Sample being placed in 100% PEG solution, with PEG container label visible in frame
2.2.3. EXTRA incubator at 70°c (MED + CU)
2.3. After the 100% PEG immersion, place the samples in capsules on a 70-degree Celsius hot plate [1] and progressively decrease the plate temperature in 5-degree-Celsius increments until the plate reaches room temperature [2].
2.3.1. Talent placing samples into capsule(s) on hot plate CU
2.3.2. Hot plate temperature being reduced
2.4. When the samples have cooled, use a microtome and disposable blades to carefully obtain flat, 30-60 micrometer-thick sections from each PEG block [1] and remove the PEG from the sections with three, 5-minute gentle water washes [2].
2.4.1. Talent at microtome making section(s) OR shot of sections Videographer: Important/difficult step
2.4.2. Section being placed in water Videographer: Important/difficult step (take 2)
2.5. After the last wash, incubate up to three sections per tube with 500 microliters of freshly-prepared fluorescent probe for 72 hours protected from light [1-TXT].
2.5.1. Section being added to tube, with probe in tube and probe container label visible in frame as possible TEXT: See text for all reagent and solution preparation details
2.6. At the end of the staining incubation, use a brush to transfer the sections to a slide [1] before mounting the sections between a glass slide and a number 1.5H coverslip [2].
2.6.1. Section being placed onto slide Videographer: Important step (take 2)
2.6.2. Coverslip being placed over section Videographer: Important step (take 4)
3. Spectrally-Resolved Fluorescence Lifetime and Spectral Measurement (sFLIM) System Calibration
3.1. To determine the spectral window width of the sFLIM (s-flim) detector, place urea crystals in a culture box with a 0.17-micrometer glass bottom [1] and place the box on a microscope sample holder [2].
3.1.1. WIDE: Talent placing crystals into box
3.1.2. Talent placing box into holder

3.2. Select the 20x objective and a titanium-doped-sapphire laser with a 900-nanometer wavelength and 2 % power [1] and turn on the scanning [2].

3.2.1. Talent selecting objective and/or laser
3.2.2. Talent turning on scanning (take 2)

3.3. To perform sFLIM measurements, switch the system to sFLIM mode [1].

3.3.1. WIDE: Talent switching system (2sd part)

3.4. To collect the second harmonic signal on the sFLIM detector, gradually adjust the laser excitation wavelength from 900 to 980 nanometers until the second harmonic signal is collected in the second spectral channel [1].

3.4.1. SCREEN: To be provided by Authors: Laser being adjusted until second harmonic signal is collected in second spectral channel (+ MED CAM harmonic signal found)
Author comment: The creen captures were performed during the shooting and should be provided by Yannick with the video files.

3.5. Then determine the spectral window length [1].

3.5.1. LAB MEDIA provided by authors

4. sFLIM measurements

4.1. Switch to the Non-Descanned mode to send fluorescent photons to the sFLIM detector and set the sFLIM acquisition to the Enable mode to allow photon counting on the single photo counter [1]. (This step goes after 4.3.2)

4.1.1. SCREEN: To be provided by Authors: Non-Descanned mode being selected, then Enable being set (take 2)

4.2. When the instrument is ready, place a control native wheat straw alone plant section between the slide and the coverslip on the microscope stage [1] and set the system to Continuous mode to allow the laser scan [2].

4.2.1. Talent placing section
4.2.2. SCREEN: To be provided by Authors: Continuous mode being selected


4.3. Set a 30-second time collection and check that the constant fraction discriminator is between 1 x 104 and 1 x 106 [1]. An click start

4.3.1. MED CAM: To be provided by Authors: Collection time being set, then discriminator being set

4.4. Then select the measurement area on the sample and click Start [1]. 
4.4.1. SCREEN: To be provided by Authors: Measurement area being selected, then Start being clicked (take 2)

4.5. At the end of the measurement, save the .sdt file [1] and repeat the measurement for at least 9 more samples [2].

4.5.1. SCREEN CAM: To be provided by Authors: .sdt file being saved (last part)
4.5.2. Talent placing new sample onto system

4.6. Corentin Spriet: A balance must be found between achieving enough collected photons for the photon decay curves fit while avoiding a pulse pileup and photo-induced effect that can alter the fluorescence lifetime [1].

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

5. sFLIM Analysis

5.1. To analyze the acquired sFLIM data, import the native wheat straw alone data files into the Single Photo Counter software [1] and open Option and Mode to select Incomplete multi-exponentials 12.5 nanoseconds [2].

5.1.1. WIDE: Talent importing data
5.1.2. SCREEN: To be provided by Authors: Option and Mode being clicked, then Incomplete multi-exponentials 12.5 nanoseconds being selected

5.2. Under Options and Preferences, select Calculate Instrumental Response automatically and select the 2 exponential fit model [1].

5.2.1. SCREEN: To be provided by Authors: Options and Preference being opened, then Calculate instrument response automatically being selected, then 2 exponential fit model being selected Videographer: Difficult step

5.3. For each channel, apply the fitting model [1] and save the fit parameters to a spreadsheet [2].

5.3.1. SCREEN: To be provided by Authors: Model being applied to channel (cut before chanel 4)
5.3.2. SCREEN: To be provided by Authors: Parameters being pasted into spreadsheet

5.4. For a comparison between the channels and experiments, calculate the mean fluorescence lifetime in a spreadsheet [1].

5.4.1. SCREEN: To be provided by Authors: Mean fluorescent lifetime being calculated

5.5. To calculate the mean lifetime for at least 10 samples in all of the channels, analyze the mean fluorescent lifetime on the donor channels to determine the dedicated channel value that shows the highest photon number and corresponds to the lignin maximum emission [1].

5.5.1. SCREEN: To be provided by Authors: Donor channel Tm being analyzed, then dedicated channel value being determined

5.6. To compare the sFLIM and EFRET (E-fret) values between the control native wheat straw sample and an experimental sample, consider a positive EFRET associated with a homogeneous lifetime decrease between the control and experimental samples to be analyzed as a FRET event [1].

5.6.1. SCREEN: To be provided by Authors: Efret being considered/analyzed as a FRET event TEXT: EFRET: Förster resonance energy transfer efficiency




Section – Results
6. Results: Representative sFLIM Measurements 

6.1. In this representative experiment, sFLIM curves show some of the modifications that can be achieved between the reference sample [1] and the two interaction cases [2].

6.1.1. LAB MEDIA: Figure 3 top row of graphs: JoVE Video Editor please emphasize left graph
6.1.2. LAB MEDIA: Figure 3 top row of graphs: JoVE Video Editor please outline box around/emphasize middle and right graphs

6.2. Indeed, the fluorescence increase in spectral regions corresponding to the rhodamine emission range are easily visualized [1].

6.2.1. LAB MEDIA: Figure 3 top row of graphs: JoVE Video Editor please emphasize data lines in middle and right graphs

6.3. Careful observation of the three first channel photon decay curves also reveals a stronger inflection for native wheat straw with dextran tagged with rhodamine [1] than for native wheat straw incubated with PEG tagged with rhodamine [2]. 

6.3.1. LAB MEDIA: Figure 3 top row of graphs: JoVE Video Editor please emphasize three dark blue data lines in right graph
6.3.2. LAB MEDIA: Figure 3 top row of graphs: JoVE Video Editor please emphasize three dark blue data lines in middle graph

6.4. After fitting the photon decay curves and calculating each channel mean fluorescence lifetime, the FRET signature becomes more obvious [1].

6.4.1. LAB MEDIA: Figure 3 bottom graph

6.5. For example, while the fluorescence lifetime alternatively increases and decreases along the fluorescence spectrum for the native wheat straw sample [1], a clear FRET signature is observed for both native wheat straw sections incubated with PEG tagged with rhodamine [2] and native wheat straw with dextran tagged with rhodamine samples [3].

6.5.1. LAB MEDIA: Figure 3 bottom graph: JoVE Video Editor please emphasize WS data bars
6.5.2. LAB MEDIA: Figure 3 bottom graph: JoVE Video Editor please emphasize WS + PEG data bars
6.5.3. LAB MEDIA: Figure 3 bottom graph: JoVE Video Editor please emphasize WS + DEX data bars



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length (30 words maximum) and clarity.
7.1. Corentin Spriet: In the context of lignocellulosic biomass hydrolysis, this method can easily be transferred to enzyme interaction studies in various biomass samples, requiring a rigorous characterization of each new biomass [1]. 
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Gabriel Paës: Since sFLIM does not require fixation of the sample, it paves the way for dynamic enzyme-lignin interaction studies and is likely to guide enzyme engineering strategies and biomass pre-treatments [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.3. Christine Terryn: As most time domain lifetime measurements require the use of pulsed infrared laser sources, the appropriate safety precautions must be taken accordingly [1]. 
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (last one)
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