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1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Editors, the graphic overview has been uploaded in pptx form and pdf form.  The pdf filenames are listed below.  The powerpoint file is called: Schematics.pptx

Note to Video Editor: In general, the first takes are better than the rest of the takes, because it was difficult to coordinate a ton of samples across an experiment that would normally take 3 days.  Could you please watch out for faulty pipetting and what may look like sloppy technique, and avoid incorporating these shots?

Procedural Narrative:

The overall goal of this procedure is to isolate and digest bacterial cell walls to determine the identities and relative fractions of different muropeptides using UPLC analysis. (Intro)

This is accomplished by first lysing bacterial samples by boiling in sodium dodecyl sulfate. (P1)
Editors, please show “Schematic Part 1.pdf” as this point is narrated.
	
The second step is to digest samples with Pronase E to purify away the outer membrane of Gram-negative bacteria (P2)
Editors, please show “Schematic Part 2.pdf” as this point is narrated.

Next, the samples are digested with muramidase to solubilize the peptidoglycan into individual muropeptides (P3)
Editors, please show “Schematic Part 3.pdf” as this point is narrated.

The final step is to reduce the muropeptides and adjust pH to the muropeptide isoelectric point (P4)
Editors, please show “Schematic Part 4.pdf” as this point is narrated.

Ultimately, UPLC is used to separate muropeptides according to size and hydrophobicity, facilitating the quantification of important cell-wall characteristics such as degree of crosslinking and average glycan strand length (P5)
Editors, please show “Schematic Part 5.pdf” as this point is narrated.



Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. KC:  This method can help answer key questions in the microbiology field, such as the relationships among cell-wall architecture, morphogenesis, immune system activation, and pathogenesis.  
1.1.1. MED:  KC speaks toward the camera, interview style.
1.2. Samantha:  Although this method has been developed to purify Gram-negative peptidoglycan, it can also be applied to Gram-positive bacteria with the addition of a few enzymes and chemical treatments.
1.2.1. MED:  Samantha speaks toward camera, interview style.

Protocol (read by voice talent at JoVE):
2. Day 1 – Lysing bacterial cultures 
2.1. To grow the bacterial cultures, back-dilute overnight cultures 1 to 100 into 250 mL of fresh media, and grow to an optical density at 600 nanometers of 0.7-0.8.  
2.1.1. MED:  Talent pipettes some of the overnight culture into 250 mL of fresh media.
2.1.2. MED-over the shoulder:  Talent places the flask into the incubator.
2.2. While diluted cultures are growing, set up a boiling water bath on a hot plate in a 1 liter beaker.  Once the water is boiling, aliquot 6 mL of 6% sodium dodecyl sulfate, or SDS, into 50-mL polypropylene tubes. 
2.2.1. MED-over the shoulder:  Talent places a water bath in a 1 liter beaker onto the hot plate.
2.2.2. CU:  50-mL polypropylene tubes as talent aliquots 6 mL of 6% SDS into them.
2.3. Add one small stir bar to each tube and finger-tighten the tube lids securely.  Place the tubes in the boiling water bath, and stir at 500 rpm on the hot plate. 
2.3.1. MED-over the shoulder:  Talent adds a small stir bar to the first tube and secures the tube lid finger-tight.
2.3.2. CU:  Boiling water bath as talent places the tubes in the turns on stirring.
2.4. Harvest the 250-mL cultures by spinning at 5000 × g for 10 minutes at room temperature.
2.4.1. MED:  Talent places the cultures in centrifuge tubes into the centrifuge.
2.5. Resuspend the pellets in 3 mL of media or 1X phosphate-buffered saline.  Slowly pipette the cell suspensions into the 50-mL tubes with 6% boiling SDS to lyse the cells while the tubes are submerged in the boiling water bath, and reclose the lids to finger-tight.  
2.5.1. CU:  Cell pellet as talent resuspends in 3 mL.
2.5.2. MED-over the shoulder:  Talent slowly pipettes the cell suspensions into the 50-mL tubes with 6% boiling SDS.  Match/continue action in next shot. (Comment:  Take 1 is better, as it shows the culture being deposited correctly into 50 mL tubes.  Take 2 was sloppy).
2.5.3. CU:  Sample tubes in boiling water bath as talent pipettes the cell suspensions in and recloses the lids to finger-tight.
2.6. Cover the boiling water bath and allow cells to boil for 3 hours, checking the water level periodically and refilling the water bath when necessary.  After 3 hours, turn off the heat on the hot plate, and continue to stir overnight at 500 rpm.  
2.6.1. MED-over the shoulder/MED:  Multiple takes as talent covers the boiling water bath holding the tubes.  Shot will be reused once.
2.6.2. CU:  Water bath after it has been boiling and the water level is getting low as the talent removes the cover and refills the water bath.
2.6.3. MED:  Talent approaches the water bath and turns off the heat.
3. Day 2 – Enzymatic digestions 
3.1. If SDS has precipitated in the 50-mL tubes overnight, set the water bath to boil for an additional 1 to 2 hours.  Shown here is how a normal culture should look after lysing overnight in SDS.  Note the transparency, as opposed to opaqueness that correlates with precipitation.  Prepare the Pronase E buffer and activate Pronase E at 60 °C in a heat block for at least 30 minutes.  
3.1.1. CU:  Talent displays the transparent 50-mL tubes to the camera.
3.1.2. Shot 2.6.1 – MED shot as talent covers the boiling water bath holding the tubes.
3.1.3. MED-over the shoulder:  Talent places labeled container of Pronase E into the 60 °C water bath. TEXT overlay:  see text for recipe
3.2. Use an ultracentrifuge set at 400,000 × g to spin samples for 20 minutes at room temperature in order to pellet the large peptidoglycan, or PG, macromolecules and thereby purify them from other cellular components.  
3.2.1. MED/WIDE:  Multiple takes as talent places the sample tubes into the ultracentrifuge and closes the lid.  Shot will be reused twice.
3.2.2. MED-over the shoulder:  Talent sets the parameters on the ultracentrifuge.
3.3. Remove the supernatant carefully, and then resuspend each pellet in room temperature ultrapure water.  Resuspension volume depends upon the volume of the ultracentrifuge tubes used; use a volume that fills the tubes at least half way but does not exceed the maximum volume of the tubes.
3.3.1. CU or ECU:  Pellet as talent carefully removes the supernatant from the first tube. (Comment:  Take 1 is better for observing the pellet than Take 2)
3.3.2. MED-over the shoulder:  Talent continues to resuspend each pellet in ultrapure water.
3.4. Repeat centrifugation and washing until the water does not form bubbles during resuspension, indicating that the SDS has been fully removed.  
3.4.1. Shot 3.2.1 – WIDE shot of talent placing the tubes into the ultracentrifuge.
3.5. At this point, resuspend the samples in 900 µL of Tris-HCl (pronounce “Tris-H-C-L”) buffer and transfer to 2-mL tubes previously poked with holes in the tops using a small needle.  Add 100 µL of activated Pronase E to each sample before incubating at 60 °C for 2 hours.  
3.5.1. MED-over the shoulder:  Talent resuspends the samples in 900 µL of Tris-HCl buffer.
3.5.2. CU:  2-mL tubes with holes in tops as talent transfers the mixture there.
3.5.3. MED-over the shoulder:  Talent leaves samples to incubate on a 60 °C heat block.
3.6. Stop the Pronase E digestion by adding 200 µL of 6% SDS to each sample and boil the samples in the 100 °C heat block for 30 minutes.  
3.6.1. CU:  Sample tubes as talent pipettes 200 µL of 6% SDS to each sample.
3.6.2. MED:  Talent places the samples into the 100 °C heat block.
3.7. [bookmark: OLE_LINK7][bookmark: OLE_LINK8]As before, use an ultracentrifuge set at 400,000 × g to spin the samples for 20 minutes at room temperature, and wash with room temperature ultrapure water until the SDS is fully removed.   
3.7.1. Shot 3.2.1 –shot of talent placing the tubes into the ultracentrifuge.
3.8. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]On the last centrifugation/washing step, resuspend the samples in 200 µL of 50 mM sodium phosphate buffer. 
3.8.1. CU:  Sample tubes as talent resuspends the pellets in 200 µL of 50 mM sodium phosphate buffer. 
3.9. Talent:  This volume can be adjusted according to the amount of peptidoglycan in the sample, and may be species dependent.  If the sample contains more peptidoglycan, increase the resuspension volume; if the sample has little peptidoglycan, reduce the resuspension volume to a minimum of 50 µL.
3.9.1. MED:  Talent speaks toward camera, interview style.
3.10. Transfer the samples to 1.5-mL tubes and add 1 mg/mL muramidase to give a final concentration of 40 µg/mL.  Incubate for 6 to 8 hours or overnight in a 37 °C heat block.
3.10.1. MED-over the shoulder:  Talent transfers the samples to 1.5-mL tubes and adds 1 mg/mL muramidase from a labeled container.
3.10.2. CU:  37 °C heat block as talent places the samples there.
4. Day 3 – Preparation of samples for UPLC 
4.1. To prepare samples for UPLC, turn on a heat block to 100 °C.  Boil the samples without SDS for 5 minutes to stop the muramidase digestion.  
4.1.1. MED-over the shoulder:  Talent turns on the 100 °C heat block.
4.1.2. CU:  Heat block as talent places the samples there. 
4.2. Centrifuge the samples for 10 minutes at 16,000 × g at room temperature.  Then, transfer the supernatant to 13-by-100 mm glass tubes.  Try to recover as much supernatant as possible, getting very close to the pellet without disturbing it.
4.2.1. MED:  Talent places the samples into the centrifuge.
4.2.2. MED-over the shoulder:  Talent transfers the first sample to a 13 × 100-mm glass tube.
4.2.3. ECU:  Pellet of second sample as talent uses the pipette to recover as much supernatant as possible getting very close to the pellet without disturbing it.
4.3. Adjust the pH by adding 500 mM borate buffer to the sample for a final concentration of 100 mM borate buffer.  Borate buffer is compatible with the reducing agent sodium borohydride.  Add several grains of sodium borohydride to reduce each sample and let the reaction proceed for at least 30 minutes at room temperature.  
4.3.1. MED:  Talent adds 500 mM borate buffer to the sample from a labeled container.
4.3.2. CU:  Sample as talent adds several grains of sodium borohydride.
4.4. Next, adjust the samples to pH 6 as measured with pH indicator paper with orthophosphoric acid using 20-µL increments.  The sample should bubble in response to addition of orthophosphoric acid; the sample typically stops bubbling when a pH of 6 has been reached.   
4.4.1. MED-over the shoulder:  Talent uses 20-µL increments of 50% v/v orthophosphoric acid to adjust pH while checking the pH with pH indicator paper.  Match action in next shot.  TEXT overlay:  50% v/v orthophosphoric acid
4.4.2. ECU:  Sample/pH paper as talent continues to adjust the pH as the sample bubbles in response to addition of orthophosphoric acid.
4.5. Then continue to adjust the samples to between pH 3 and 4 with orthophosphoric acid using 2-µL increments.  
4.5.1. CU:  Samples as talent uses 2-µL increments of 50% v/v orthophosphoric acid to bring the pH to 3-4.  Sample should no longer be bubbling.
4.6. Filter the sample through a 0.22-µm syringe filter directly into a UPLC vial.  If a precipitate has reformed in the samples once transferred into the UPLC vials, heat the vials with several passes through a flame.  
4.6.2 (order switched) CU:  Sample as talent filters through a 0.22-µm syringe filter directly into a UPLC vial.  
4.6.1	MED-over the shoulder: Talent passes a sample tube with precipitate though the flame several times.
4.7 Place the UPLC vial into autosampler, and inject 10 µL of each sample onto a UPLC instrument equipped with a C18 reversed-phase UPLC column and an absorbance detector set to monitor 202-208 nm.  Samples are injected sequentially.
4.7.1 (order switched)  CU:  Talent placing the UPLC vial into the autosampler.
4.7.2	MED: Talent injects 10 µL of each sample onto a UPLC instrument.  Continue action in next shot.  TEXT overlay:  see text for solvents.
4.8 Set the flow to 0.25 milliliters per minute and use a linear gradient over 25 minutes to achieve 100% solvent B and sequential elution of muropeptides within 30 minutes.  
4.8.1 MED-over the shoulder:  Talent sets the flow to 0.25 mL/min and sets up a linear gradient over 25 minutes to achieve 100% solvent B and sequential elution of muropeptides within 30 minutes.  (Comment:  Although the videographer filmed the Talent setting the flow and run time on the computer, we have included “4-8-1_Empower_Screenshot” as a movie file that shows this action being performed).
4.9 If mass spectrometry will be used to characterize muropeptides after UPLC, collect fractions of the peak of interest in a fraction collector, transfer the fractions to a 1.5 mL tube, and then dry the fractions using a centrifugal evaporator. 
4.9.1 CU:  Fraction collector as the samples drip into the tubes.
4.9.2 MED:  Talent places the fractions into a centrifugal evaporator. (Comment:  this shot shows transfer of the sample collected in the 96-well deep-well plate on the fraction collector, into an Eppendorf tube that can be placed in a centrifugal evaporator. Take 1 is better than Take 2).
5 Results: UPLC chromatograms of PG digested from E. coli sacculi
5.1 In this typical UPLC result, detection via UV absorbance at 202-208 nm as a function of time establishes a particular muropeptide’s retention time.  A clear resolution between most muropeptide species and strong signal strength across the spectrum is observed, which enables the analysis of the degree of crosslinking, average glycan strand length, and the identity of muropeptides and their concentrations.
5.1.1 LAB MEDIA:  Figure 2
5.2 An example chromatogram reflecting precipitation of muropeptides is shown here.  No peaks eluted, resulting in the absence of any data on PG composition.  The absence of discernable peaks from UPLC analysis can occur as a result of superconcentrating the sample or misadjusting the pH to well below the isoelectric point of the muropeptides.
5.2.1 LAB MEDIA:  Figure 3

6 Conclusion (said by authors on camera)
6.1 KC:  Once mastered, this technique can be done in 3 days (albeit hectic ones) if it is performed properly.
6.1.1 MED:  KC speaks toward the camera, interview style.
6.2 Samantha:  Following this procedure, other methods like mass spectrometry can be performed in order to positively identify muropeptide species based on mass.
6.2.1 MED:  Samantha speaks toward camera, interview style.
6.3 KC:  After its development, this technique paved the way for researchers in the field of microbiology to explore the biochemical functions of key cell-wall enzymes and the mode of action of chemical inhibitors in a variety of species and mutants.
6.3.1 MED:  KC speaks toward camera, interview style
       

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, .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.  

Insert your media filenames here.

Schematics.pptx

Figure 2

Figure 3

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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