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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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___2.3,2.4,  2.5, 5.1, 5.2

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _ step 5.1 is difficult, because the sample is at a low volume and the treatment is done on the filter (placed on the filter apparatus). It has to be made sure that the apparatus is not leaking and that vacuum is off so that the sample does not dry out. 

E.  Will the filming need to take place in multiple locations? (Y/N) __Y_ If yes, how far apart are the locations?  (sterile hood, bench, centrifuge, incubator). The locations are all in the same room, i.e. max 3 m apart

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to separate bacterial endospores from complex microbial community samples, such as sediment. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Tina Wunderlin: This method can help answer key questions in the field of microbiology on the presence and abundance of endospores in natural samples. It is based on the difference in resistance of vegetative cells and endospores towards heat and chemicals.
1.2. Tina Wunderlin: The main advantage of this technique is that the method is nondestructive for endospores, so they can be used for downstream experiments for example cultivation, quantification or metabolic testing.

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

1.3. Pilar Junier: Though this method can provide insight into ecology of endospore-formers, it can also be applied to other areas such as exobiology or the food industry, where spores can be beneficial or a nuisance.

Protocol (read by voice talent at JoVE):

2. Separation of Biomass from Sediment
2.1. After preparing solutions and equipment according to the text protocol [2.1.1-WIDE/MED], under a UV-sterilized biosafety cabinet, use ethanol-flamed metal scoops to add 3 grams of sediment sample to pre-weighed sterile 50 ml tubes [2.1.2-MED/CU] [2.1.3-CU].
2.1.1. Talent places solutions onto bench near tubes and filters
2.1.2. Talent picks up a metal scoop and adds sediment sample to a tube on a scale, showing 3 grams
2.1.3. Show 3 grams on scale (shot added)

2.2. Using a sterile graduated burette, add 15 ml of a 1% sterile, filtered 1% sodium hexametaphosphate, or SHMP, solution to the sample [2.2.1-CU].   

2.2.1. Film as written
2.3. With a liquid disperser/homogenizer and a sterile dispersion rotor [2.3.1-MEDCU], homogenize the sample at 17,500 rpm for 1 minute [2.3.2-MED/CU].  Let the sample rest for 2 minutes and repeat the homogenization [2.3.2-CU].
2.3.1. Talent places sample into homogenizer and then into rotor 

2.3.2. [combined with 2.3.1] Talent turns on homogenizer 

2.3.3. Talent turns off homogenizer and sample rests
2.4. Allow the sample to rest for 10 minutes for the heaviest particles to settle [2.4.1-CU] [2.4.2-ECU].  Transfer the supernatant containing the cell biomass into a clean 50 ml tube, taking care not to disturb the pellet [2.4.3-CU].
2.4.1. Talent places tube on bench to settle and particles can be settling to the bottom of the tube
2.4.2. Shot of particles settling to the bottom of the tube (shot added)

2.4.3. Film as written
2.5. Add another 15 ml aliquot of SHMP to the sedimented pellet [2.5.1-CU] and repeat the homogenization [2.5.2-FF] before collecting the supernatant and combining it with the first aliquot [2.5.3-CU-TXT]. 

2.5.1. Film as written

2.5.2. FREEZE FRAME from 2.3.2 2.3.1  of talent turning on the homogenizer

2.5.3. Film as written (TEXT: discard the pellet)

2.6. Centrifuge the sample at 20 x g for 1 minute [2.6.1-MED/CU] and transfer the supernatant into a fresh 50 ml tube before discarding the pellet [2.6.2-CU].
2.6.1. Talent places sample into centrifuge and turns it on

2.6.2. Film as written

3. Collection of Biomass on Filter Membrane

3.1. Once the filtration unit and vacuum pump have been prepared according to the text protocol [3.1.1-MED/CU], use ethanol-flamed sterilized forceps to add sterile nitrocellulose membrane to the filtration unit [3.1.2-CU].
3.1.1. Shot of filtration unit and pump

3.1.2. Film as written

3.2. Add half of the supernatant sample just prepared onto the membrane filtration unit [3.2.1-CU/ECU] and use the vacuum pump to collect the cells on the membrane [3.2.2-CU].  

3.2.1. Film as written

3.2.2. Shot of vacuum pump as solution is filtering through

3.3. When the liquid has fully passed through the filter, stop the vacuum pump [3.3.1-CU].   Use sterilized forceps to carefully remove the membrane and place it into a sterile Petri dish [3.3.2-CU].
3.3.1. Shot of filter as last of liquid passes through it and talent stops pump

3.3.2. Film as written

3.4. With a fresh piece of sterile membrane [3.4.1-CU], repeat the filtration with the remaining half of the solution [3.4.2-CU-TXT]. 

3.4.1. Talent places fresh membrane into filter

3.4.2. Talent adds remaining solution into filter (TEXT: keep samples separate)
4. Lysis of Vegetative Cells
4.1. To separate endospores from vegetative cells on the biomass just collected [4.1.1-LM], thaw the membrane if it was frozen [4.1.2-CU], [4.1.3-CU/ECU], and use ethanol-flamed sterilized scissors to cut it into smaller pieces [4.1.3-CU/ECU].  

4.1.1. LAB MEDIA Figure 1_proof; Editor, use the center cylinder of the biomass with cells and endospores, then show the separation of the endospores in the cylinder below it and the cells in the smaller cylinder to the right.

4.1.2. Talent places frozen membrane onto bench to thaw

4.1.3. Film as written

4.1.4. Film as written
4.2. Transfer the membrane pieces into a sterile 2 ml tube [4.2.1-CU] and add 900 ul of 1xTE buffer [4.2.2-CU].  Mix thoroughly by vortexing to release the biomass from the membrane [4.2.3-MED/CU].
4.2.1. Film as written

4.2.2. Film as written

4.2.3. Film as written

4.3. Incubate the tube at 65°C and 80 rpm for 10 minutes [4.3.1-WIDE/MED].  Then remove the tube from the incubator and let it cool down for 15 minutes [4.3.2-MED/CU].
4.3.1. Talent places tube into incubator and turns on shaking; B need another version for 4.4.2 below at 37 degrees C; C need another version for 4.5.2 below
4.3.2. Talent places tube onto bench to cool

4.4. Add 100 ul of freshly prepared lysozyme to a final concentration of 2 mg/ml [4.4.1-CU] and incubate the sample at 37°C and 80 rpm for 60 minutes to lyse the vegetative cells [4.4.2-MED/CU].  

4.4.1. Film as written

4.4.2. Use 4.3.1B here
4.5. After lysis is complete, add 250 ul of 3N sodium hydroxide and 250 ul of 6% SDS solution to the sample [4.5.1-CU].  Incubate at room temperature and 80 rpm for 60 minutes [4.5.2-MED].  
4.5.1. Film as written

4.5.2. Use 4.3.1C here

4.6. Next, prepare a sterile filtration unit that holds 25 mm diameter membranes [4.6.1-CU] by autoclaving [4.6.2-WIDE-TXT].  

4.6.1. Shot of talent holding filtration unit

4.6.2. Talent places unit into autoclave and shuts door (TEXT: refer to text for additional details)

4.7. After the filter cools, place a 25 mm diameter, 0.2 um nitrocellulose membrane on the filtration unit [4.7.1-CU/ECU-TXT].
4.7.1. Film as written (TEXT: use sterile forceps)

4.8. Add the sample onto the membrane [4.8.1-CU] and use the vacuum pump to filter the liquid [4.8.2-MED/CU], capturing the endospores on the membrane while the vegetative cell material passes through [4.8.3-CU].  

4.8.1. Film as written

4.8.2. Talent turns on membrane

4.8.3. Solution seen filtering through membrane

4.9. To wash off residual detergents, add 2 ml of sterile physiological solution to the membrane and apply the vacuum pump [4.9.1-MED/CU].  When the liquid is fully filtered, turn off the pump and leave the membrane on the filtration unit [4.9.2-CU]. 
4.9.1. Talent adds solution to membrane and turns on vacuum

4.9.2. Talent turns off unit  and filter is seen left on unit

5. DNase Treatment 
5.1. To carry out DNase treatment directly on the membrane, add 450 ul of sterile water, 50 ul of 1X DNase reaction buffer, and 0.5 ul of DNase enzyme onto the membrane [5.1.1-CU] and let it stand at approximately 25°C for 15 minutes [5.1.2-MED/CU-TXT].

5.1.1. Talent adds DNase solution to membrane 

5.1.2. Talent puts membrane near Bunsen burner and sets timer (TEXT: incubate near Bunsen burner)

5.2. Tina Wunderlin: The extracellular DNA previously released from lysed cells is digested enzymatically and then washed off. This ensures that the final endospore preparation is free of external DNA, which is key for molecular analysis downstream. It is important to avoid leaking on the filter apparatus or drying of the sample [5.2.1-INTERVIEW]. 

5.2.1. Talent recites the above narration looking away from camera documentary style

5.3. After the incubation, turn on the vacuum pump [5.3.1-CU] and add 1 ml of physiological solution and turn on the pump to wash off the residual enzyme from the sample [5.3.2-CU]. 

5.3.1. Talent turns on pump

5.3.2. Talent adds solution to sample and turns on pump
5.4. Use sterile forceps to transfer the membrane containing endospores into a sterile Petri dish.  Analyze the sample according to the text protocol [5.4.1-CU].   

5.4.1. Film as written; Videographer, get enough footage for the last sentence too
6. Results: Endospore Isolation from Lysed Vegetative Cells
6.1. The protocol demonstrated in this video of targeted lysis of vegetative cells results in a purified endospore sample and results in a significant increase in the fraction of endospore-forming Firmicutes.  In amplicon sequencing of the 16S rRNA gene, Firmicutes in the untreated samples correspond to only 8 to 19% of the sequences [6.1.1-LM].
6.1.1. LAB MEDIA Table 1, Editor, for ‘results in a significant increase in the fraction…’,   point out the Firmicutes values in the two endospores-enriched columns.  For ‘correspond to only 8 to 19%...’, point out the Firmicutes corresponding values in the Sediment 1 whole community and Sediment 2 whole community columns

6.2. In contrast, after treatment, Firmicutes represented 90.6 and 83.9% of the endospore-enriched sample.  The two major orders of endospore-forming Firmicutes; Bacilliales and, were enriched, while non endospore forming Firmicutes like Lactobacilliales were absent [6.2.1-LM].
6.2.1. LAB MEDIA Table 1, Editor, point out the 90.6 and 83.9 under the enriched endospore columns when mentioned.  Then point out the Bacilla and Clostridia under the endospore columns when mentioned.
6.3. The efficiency of the treatment was also demonstrated using pure cultures.  An endospore preparation and a vegetative cell culture were treated.   All cells were incubated and growth was measured at an optical density of 600 nm.  As shown here, growth was observed for the endospore cultures, while no growth was observed in the treated E. coli culture, indicating that vegetative cells are irreversibly damaged [6.3.1-LM].
6.3.1. LAB MEDIA Figure 2, Editor, for ‘growth was observed,’ point out the empty circles in the top three graphs.  For ‘while no growth was observed,’ point out the flat line of empty circles in the bottom, E. coli graph  

7. Conclusion (said by authors on camera)
7.1. Tina Wunderlin: Once mastered and if solutions and equipment have been prepared previously, this technique can be done in 5 hours if it is performed properly. 

7.2. Tina Wunderlin: While attempting this procedure, it’s important to remember to avoid all contamination by working under sterile conditions and ensuring sterility of solutions and all equipment.

7.3. Tina Wunderlin: Following this procedure, other methods like cultivation, isolation and metabolic testing can be performed in order to answer additional questions on strain identification and metabolic potential of endospores. Also downstream DNA extraction and metagenomics sequencing can be done to analyze species diversity and gene presence.

7.4. Tina Wunderlin: After watching this video, you should have a good understanding of how to separate endospores from an environmental sample.

7.5. Tina Wunderlin: Don't forget that working with detergents such as SDS can be extremely hazardous. and precautions such as wear personal protective equipment .like gloves, safety glasses and lab coat should always be taken while performing this procedure.   

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.

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 are included in the email accompanying the finalized script.
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