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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of from the protocol section below will viewers benefit most from having filmed? 
2.6.3., 2.7, 3.1., 3.5., 4.2., 4.7.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.5., 4.7.
E. Will the filming need to take place in multiple locations? Y, same building different rooms: Cutting and Milling in one lab, reactions in another lab (2 min walk), Offices of PI’s lie in between. NMR room two floors down
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the significance of your method to the viewer. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Johannes G. deVries: This method addresses some key questions in the renewable resource utilization field about lignin, a major component of lignocellulosic biomasses.

1.2. Douwe S. Zijlstra.: The main advantage of this technique is that it can be used to obtain lignin of a good structural quality from different biomass sources. 
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Katalin Barta: This methodology targets the cleavage of β-O-4 linkage and at the same time it prevents recondensation. This is important as it prevents char formation. 
1.4. Peter J. Deuss: Using these methods, relationships can be established between the lignin extraction procedure and the depolymerization efficiency. 
1.5. Alessandra De Santi: Generally, individuals new to these methods will struggle with the work-up procedures as well as the analysis of the different lignins and the depolymerization product mixtures. 
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
Protocol: (read by voice talent at JoVE)
2. Walnut Feedstock Pretreatment
2.1. To produce cut walnut shells, equip a hammer cutter with a 5-mm sieve at the outlet [1-WIDE] and feed the walnut shells into the hammer cutter [2-MED], collecting the fractured shells in a 1-L glass beaker [3-CU].
2.1.1. Talent equipping cutter with sieve  (Author Comment: Two shots were filmed here, one wide shot of the hammer cutter and one close up to show the sieve. Please combine these)
2.1.2. Talent feeding shells into cutter

2.1.3. Shells being collected into beaker

2.2. To produce the small walnut shell fragments required for milling, feed the fractured shells into a micro-hammer cutter equipped with a 2-mm sieve at the outlet [1-MED], collecting the ground shells in a new 1-L glass beaker [2-CU].
2.2.1. Talent feeding shells into cutter

2.2.2. Ground shells being collected into beaker

2.3. To remove extractives from the ground walnut shells, add 150 grams of the shell sample into a 500-mL, round-bottom flask containing a stir bar [1-MED] and add 200 mL of toluene to the flask [2-CU-TXT].
2.3.1. Talent adding shells to flask
2.3.2. Toluene being added to flask, with stir bar in flask and stock toluene container label visible in frame TEXT: Ensure the toluene is above the feedstock level    (Author Comment: Two shots were filmed here, one in which the toluene is added to the flask and a second one in which additional toluene is added to ensure the toluene is above the biomass level. Please combine these and add the text to the latter part.)
2.4. Attach a reflux condenser to the flask [1-MED] and heat the mixture to a reflux temperature of 111 °C in an oil bath with vigorous stirring [2-CU].
2.4.1. Talent attaching condenser to flask

2.4.2. Mixture being heated/stirred
2.5. After 2 hours, remove the flask from the bath to allow the mixture to cool down to room temperature [1-MED] and strain the mixture through a 185-mm diameter, 10-micrometer pore-sized filter to remove the toluene [2-CU-TXT].

2.5.1. Talent removing flask from bath/placing flask onto bench

2.5.2. Mixture being poured through filter (TEXT: Discard toluene filtrate)

2.6. After overnight heating in a vacuum oven at 80 °C and 50 millibars of pressure [1-CU], add 40 grams of toluene-treated walnut shell particles to a 250-mL, zirconium dioxide grinding bowl containing seven 20-mm diameter zirconium dioxide grinding balls [2-CU]. 60 mL of isopropanol is added to the grinding bowl [3-CU].
2.6.1. Shot of shells in vacuum oven

2.6.2. Talent adding particles to bowl, with balls in bowl visible in frame as possible
2.6.3. Isopropanol being added to bowl, with isopropanol container visible in frame
2.7. Place the grinding bowl in the rotary ball mill [1-MED]. Grind the shell particles in four cycles of 2 minutes grinding at 27 x g followed by 4 minutes of rest per cycle [2-CU-TXT].
2.7.1. Shells being ground (TEXT: Maintain bowl temperature <80° during entire grinding process) Talent placing the bowl in the rotary ball mill
2.7.2. Timer being set, with grinding bowl and rotary mill visible in frame and milling is started (TEXT: maintain bowl temperature <80 ˚C during entire grinding process 
2.8. After the fourth grinding cycle, transfer the finely-ground walnut shells into a 500-mL round-bottom flask [1-MED] and remove the isopropanol by rotary evaporation at 40 °C and 125 millibars of pressure [2-CU].
2.8.1. Talent adding shells to flask

2.8.2. Shot of flask in/on evaporator
2.9. Then dry the walnut shells in a vacuum oven overnight at 50 °C and 50 millibars of pressure [1-MED-TXT].
2.9.1. Talent placing flask into vacuum oven (TEXT: Strain finely-ground shells through a 1-mm sieve/ground too large particles w/ mill as if necessary)

3. High Beta-O-4 Ethanosolv Lignin Extraction 
3.1. To obtain ethanosolv lignin with the highest beta-O-4 content, add 25 grams of feedstock into a new 500-mL round-bottom flask [1-WIDE-TXT] and add 200 mL of an 80:20 ethanol to water solution [2-MED], 4 mL of 37% hydrochloride solution [3-MED], and a magnetic stir bar to the flask [4-CU].
3.1.1. Talent adding shells to flask (TEXT: See text for harsh extraction details)
3.1.2. Talent adding ethanol-water mixture to flask, with stock ethanol container visible in frame

3.1.3. Talent adding HCl to flask, with stock HCl container visible in frame

3.1.4. Stir bar being added to flask 

3.2. Attach a reflux condenser to the flask [1-MED] and heat the mixture in an oil bath at 80 ˚C for 5 hours with vigorous stirring [2-CU].
3.2.1. Talent attaching condenser to flask

3.2.2. Shot of mixture being heated and stirred

3.3. After the mixture has cooled to room temperature, filter the solution through a 185-mm diameter, 10-micrometer pore-sized strainer into a new 500-mL round-bottom flask [1-MED-over the shoulder], washing the residue four times with 25 mL of ethanol per wash [2-CU].
3.3.1. Talent adding mixture to strainer, with flask visible in frame
3.3.2. Strainer being washed

3.4. Concentrate the collected liquor by rotary evaporation at 40 °C and 150 millibars of pressure [1-MED] followed by dissolution of the obtained solid in 30 mL of acetone [2-CU-TXT].

3.4.1. Talent placing flask onto evaporator
3.4.2. Solid being added to acetone (TEXT: Use ultrasonic bath if solid does not dissolve completely)

3.5. To precipitate the lignin, add the mixture to 600 mL of water [1-MED] and collect the precipitated lignin in a 185-mm diameter, 10-micrometer pore-sized strainer [2-CU], washing the lignin four times with 25 mL of water per wash [3-MED-over the shoulder-TXT].
3.5.1. Talent adding mixture to water

3.5.2. Lignin being added to strainer

3.5.3. Talent washing strainer (TEXT: Discard filtrate if no hemicellulose fraction analysis is required)
3.6. Air dry the lignin overnight at room temperature in the filter [1-MED] followed by overnight drying in a vacuum oven at 50 °C and 50 millibars of pressure in a glass vial [2-CU].
3.6.1. Talent placing lignin at room temperature

3.6.2. Shot of lignin in vacuum oven 
3.7. Then determine the yield of extracted lignin on a balance [1-MED-TXT].

3.7.1. Talent adding lignin to balance (TEXT: See text for lignin extraction efficiency calculation details)

4. Lignin Analysis and Depolymerization
4.1. For analysis of the lignin structure by two-dimensional nuclear magnetic resonance, or NMR, analysis, dissolve 60 mg of dried lignin in 0.7 mL of deuterated-acetone and add this mixture to a NMR tube [1-WIDE-TXT]. Add this NMR tube to a NMR spectrophotometer [2-WIDE] and set the desired parameters to obtain a suitable 2D proton heteronuclear single quantum coherence spectrum [3-MED-TXT]
4.1.1. Talent adding lignin to acetone, with stock acetone container visible in frame (TEXT: Improve solubility w/ D2O as necessary)
4.1.2. Talent adding sample to spectrophotometer 
4.1.3. Talent selecting HSQC and set the desired parameters (Author Comment: A shot was taken in which the parameters are adjusted but this is not very clear, insert screenshot (screenshot for step 4.1.3.) after a few seconds to clearly show the set parameters, most important are the solvent setting and the list of parameters in the bottom right) (Editor: The screen shot has been uploaded)
4.2. For lignin depolymerization, add 50 mg of dried lignin into a 20-mL microwaveable reaction vial equipped with a magnetic stirrer [1-MED] and add 0.85 mL of 1,4-dioxane [2-MED], 50 microliters of ethylene glycol in 1,4-dioxane [3-CU], and 50 microliters of octadecane in 1,4-dioxane to the vial [4-CU].
4.2.1. Talent adding lignin to vial

4.2.2. Talent adding dioxane to vial, with stock dioxane container visible in frame

4.2.3. Ethylene glycol being added to vial, with stock ethylene glycol container visible in frame

4.2.4. Octadecane being added to vial, with stock octadecane container visible in frame

4.3. After closing the vessel [1-CU] , heat the solution to 140 °C with stirring [2-MED]. 
4.3.1. Talent capping the vessel

4.3.2. Talent adding the vessel to a heating block at 140 °C on top of a stirring plate 

4.4. When the reaction vessel reaches the target temperature, add 50 microliters of iron-three trifluoromethanesulfate in 1,4-dioxane to the vessel [1-CU] and stir the reaction for an additional 15 minutes [2-CU].
4.4.1. Iron triflate being added to vessel, with stock iron triflate container visible in frame
4.4.2. Vessel being stirred (quick color chance observed)
4.5. After cooling the reaction to room temperature [1-MED], filter the liquid over Celite into a 2-mL centrifuge tube [2-CU].
4.5.1. Talent placing vessel at RT
4.5.2. Liquid being added to filter
4.6. Then concentrate the collected liquid overnight at 35 °C in a rotational vacuum concentrator [2-MED].
4.6.1. Shot of concentrated liquid

4.7. To extract the low molecular weight products, suspend and swell the residue in 0.15 mL of dichloromethane by vortexing [1-MED-TXT], 15 minutes of sonication [2-MED] and 30 minutes in an automatic wheel [3-MED-TXT].
4.7.1. Talent vortexing the mixture, with dichloromethane container visible in frame (TEXT: add the 0.15 mL of dichloromethane prior to vortexing)
4.7.2. Talent sonicating mixture

4.7.3. Talent placing tube into automatic wheel (TEXT: Perform a total of 3 cycles)
4.8. Alessandra D. Santi: “To perform an efficient monomer extraction, it is critical to first properly swell the obtained oil in dichloromethane and then to slowly add the correct volume of toluene for selective precipitation of the undesired oligomers.” [1-MED-interview style]
4.8.1. Alessandra D. Santi, speaking the above interview style (looking just off-camera)
4.9. Precipitate the oligomers with 0.75 mL of toluene [1-MED] followed by vortexing and 10 minutes of sonication [2-CU-TXT].

4.9.1. Talent adding toluene, with stock toluene container and vortex visible in frame
4.9.2. Sample being sonicated, with vortex visible in frame as possible. (TEXT: Use vortex to increase mixing)
4.10. Centrifugate the samples [1-CU] and separate the light organic liquid from the solid, thick oily residue [2-CU] and filter the liquid over a plug of Celite into a glass vial [3-MED].
4.10.1.  Tube(s) being added to centrifuge

4.10.2.  Liquid being collected

4.10.3.  Talent filtering liquid
4.11. Then concentrate the combined organic phases by rotary evaporation at 40 °C and 20 millibars of pressure [1-CU] and dissolve the oily residue in 1 mL of dichloromethane for analysis by gas chromatography [2-MED].
4.11.1.  Shot of dried sample
4.11.2.  Talent adding DCM to sample, with DCM stock container and gas chromatographer visible in frame as possible
5. Results: Representative Lignin Extraction Analyses 
5.1. The lignins obtained after each extraction exhibit a wide range of colors and particle sizes [1-LM], with the polymers obtained from mild treatments demonstrating a typically red-pink color and small flakes of material [2-LM]. 
5.1.1. Figure 2_Updated.tif: no animation

5.1.2. Figure 2_Updated.tif: JoVE Video Editor: please emphasize 80 °C column

5.2. When harsher conditions are applied, the obtained lignins exhibit a brown to brownish-yellow color, with an overall increase in yield of material [1-LM], an effect that was much more profound for walnut [2-LM], beech [4-LM], and cedar woods [5-LM], compared to pine wood [6-LM]. 
5.2.1. Figure 2_Updated.tif: JoVE Video Editor: please emphasize 120 °C column
5.2.2. Figure 2_Updated.tif: JoVE Video Editor: please emphasize Walnut 80 °C and 120 °C images
5.2.3. Figure 2_Updated.tif: JoVE Video Editor: please emphasize Beech 80 °C and 120 °C images

5.2.4. Figure 2_Update.tif: JoVE Video Editor: please emphasize Cedar 80 °C and 120 °C images 
5.2.5. Figure 2_Update.tif: JoVE Video Editor: please emphasize Pine 80 °C and 120 °C images
5.3. NMR analysis of the different lignins determines the S-G-H acetal ratio [1-LM] and the amount of linkages of the extracted polymers, specifically the amount of beta-O-4 linkages [2-LM]. 
5.3.1. Figure 3.tif: no animation
5.3.2. Table 1.xlsx: Video Editor: please emphasize Total Beta-O-4 data column 
5.4. For example, lignins extracted at milder conditions typically give higher amounts of linkages [1-LM].

5.4.1. Table 1.xlsx: Video Editor: please emphasize A Conditions Total Beta-O-4 data for all Sources
5.5. Acidolysis reactions with iron-three trifluoromethanesulfate [1-LM] in the presence of ethylene glycol [2-LM] yields three different phenolic acetals that relate to the S, G, and H units present within the lignins [3-LM], with higher combined phenolic acetal yields observed for lignins extracted under mild conditions [4-LM]. 
5.5.1. Figure 7 edited.tif: JoVE Video Editor: please emphasize Fe(OTf)3 1-4 dioxane text
5.5.2. Figure 7 edited.tif: JoVE Video Editor: please emphasize HO-CH2CH2-OH 15 min, 140 °C text

5.5.3. Figure 7 edited.tif: JoVE Video Editor: please sequentially emphasize S-, G-, and H-acetal formulas
5.5.4. Figure 8 edited.tif: JoVE Video Editor: please emphasize A data bars
5.6. A clear trend is visible when the total beta-O-4 content is considered, wherein a higher beta-O-4 content generally results in a higher acetal yield [1-LM]. 
5.6.1. Figure 9 edited.tif: JoVE Video Editor: please emphasize data line
5.7. When the lignin extraction yield and subsequent depolymerization yield are combined [1-LM], an overall acetal yield is obtained from the biomass source, showing clear differences [2-LM]. 

5.7.1. Figure 10 (new figure).tif: no animation
5.7.2. Figure 10 (new figure).tif: JoVE Video Editor: please emphasizes red data bars
6. Conclusion (said by authors on camera):
6.1. Peter J. Deuss: While attempting lignin extractions, it is important to balance extraction yield and structural quality of the lignin.
6.2. Katalin Barta: Following the described depolymerization procedure, value added aromatics can be obtained in high selectivity.
6.3. Johannes G deVries: These techniques will help other researchers gain access to value added products from the lignin fraction of lignocellulosic biomass in good yields.
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
Table 1.xlsx
5.1-5.2 Figure 2_Updated.tif – Pictures of the different lignins and biomass samples including data from Table 1

5.5.1 Figure 7 edited.tif – reaction scheme for the depolymerization showing the three acetals in colours to match figure 8
5.5.2.Figure 8 edited.tif – bar graph showing the different yields of individual acetals as well as the total yield
5.6 Figure 9 edited.tif – graph showing only total B-O-4 vs acetal yield trend 
5.6 Figure 10 (new figure).tif - Figure showing overall yield differences (Data from table 4)

4.1.3 Screenshot for step 4.1.3. Screenshot showing HSQC NMR settings
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 in the email accompanying the finalized script.
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