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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? Y
C. Which steps of your protocol will viewers benefit most from having filmed? 
2.5., 3.3., 4.1., 4.2.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?
4.1.2, 4.3.1., Guaranteeing measurement repeatability and comparability is the most critical aspect of this procedure. Therefore, daily cytometer calibration and the use of standard beads before and during measurements are vital to the success of any flow cytometer experiments.

E. Will the filming need to take place in multiple locations? (Y/N) N
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 resolve the structure and dynamics of microbial cultures and communities at the single cell level by analyzing microbial scatter and fluorescence properties. (Intro)
B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Johannes Lambrecht: This method can help answer key questions in microbial ecology and biotechnology about which ecological concepts drive any given ecosystem.

1.2. Johannes Lambrecht: The main advantage of this technique is that it can be used to closely follow rapid microbiome dynamics with a short interval sampling regime while remaining highly cost effective.

C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.3. Susann Müller: This method provides insight into the structure and functions of biotechnological and natural microbial communities as well as the impact of human and animal microbiomes on health and nutrition states.

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.1. Johannes Lambrecht: Demonstrating the procedure will be Florian Schattenberg, a technician and flow cytometer operator from our laboratory.
1.1.1. Interview style: Author saying the above 

1.1.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
E. Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol: (read by voice talent at JoVE)
2. Biogas Community Drying and Activated Sludge Community (ASC) Cell Stabilization
2.1. To dry a biogas community sample, use a modified 1-mL pipette tip to transfer 200 microliters [1-WIDE-TXT] of the viscous digestate to a 2-mL tube containing 1.7 mL of PBS [2-MED].
2.1.1. Talent collecting sample into pipette tip (TEXT: See text for PC and BC analysis details)
2.1.2. Talent adding sample to tube, with stock PBS container visible in frame

2.2. After thorough mixing, place the tubes in an ultrasonic bath for 1 minute [1-MED-over the shoulder-TXT] to disband any large cell aggregates or resuspended cells sticking to plant cell residues [2-CU].
2.2.1. Talent placing tube into bath (TEXT: 35 kilohertz, 800-Watt effective output power, room temperature) (Author Comment: Seemed more appropriate to give a text here.)
2.2.2. Tube being sonicated

2.3. After the sonication, mix the sample thoroughly [1-MED] and filter the cells through a 50-micrometer pore mesh strainer into 2-mL plastic tube [2-CU]. 
2.3.1. Talent mixing sample

2.3.2. Cells being filtered

2.4. Divide the filtrate into four 400 microliter aliquots [1-MED] and centrifuge the aliquots two times [2-MED-over the shoulder-TXT], discarding the supernatant completely both times to mechanically dewater the microbe sample as thoroughly as possible [3-CU].

2.4.1. Talent adding one aliquot to tube, with 1-2 other aliquots visible in frame
2.4.2. Talent adding tube(s) to centrifuge (TEXT: 10 min, 4000 x g, 10 °C)

2.4.3. Supernatant being discarded

2.5. Then dry the sample in a heated vacuum centrifuge [1-MED-TXT] to create a stable pellet and store the pellet at 4 °C protected from light [2-CU].
2.5.1. Talent placing open tube(s) into centrifuge (TEXT: 40 min, approximately -97 kPa and 2500 x g, 35 °C)

2.5.2. Shot of pellet(s) 

2.6. For stabilization and fixation of activated sludge samples, centrifuge 4 mL of the cells [1-MED-TXT] and resuspend the pellet in 4 mL of 2% formaldehyde in PBS [2-CU].

2.6.1. Talent adding tube(s) to centrifuge (TEXT: 20 min, 3200 x g, 15 °C)
2.6.2. Shot of pellet, then pellet being resuspended, with PFA container label visible in frame
2.7.  After 30 minutes at room temperature, centrifuge the stabilized cell sample [1-MED-TXT] and fix the pellet in 4 mL of 70% ethanol for -20 °C storage [2-CU].

2.7.1. Talent adding tube(s) to centrifuge (TEXT: 10 min, 3200 x g, 15 °C)

2.7.2. Shot of pellet if visible, then pellet being resuspended, with ethanol container label visible in frame and ethanol/cell suspension being pipetted into storage tube
3. ASC Staining
3.1. Mix and transfer 0.6 mL of the fixed cell suspension to a glass tube [1-WIDE] containing 1.4 mL of PBS and, after thorough mixing [3.1.1a], sonicate for 10 minutes as demonstrated [2-CU].

3.1.1. Talent mixing the fixed sample before adding cells to tube and mix it thoroughly again
3.1.1a. [Added shot]: [CU] Mix the samples in the tube again (Author Comment: This was done in an extra shot, as the mixing of the fixed sample in the original storage container was added to the previous shot. We are not 100 % sure about the numbering. But it was recorded on the clapperboard)
3.1.2. Tube being sonicated

3.2. At the end of the sonication, collect the cells by centrifugation [1-MED-TXT] and resuspend the pellet in 2 mL of fresh PBS [2-CU].

3.2.1. Talent adding tube(s) to centrifuge (TEXT: 10 min, 3200 x g, 4 °C)

3.2.2. Shot of pellet if visible, then pellet being mixed, with PBS container label visible in frame

3.3. After thorough mixing, sonicate the cells as just demonstrated for 5 minutes [1-CU] and adjust the OD700nm to 0.035 with fresh PBS [2-MED]. 
3.3.1. Tube being sonicated

3.3.2. Talent placing quartz cuvette with sample solution into the photometer

3.4. Collect the cells by centrifugation [1-CU] and resuspend the pellet in 1 mL of permeabilization buffer containing 0.11 molar citric acid and 4.1 millimolar Tween-20 (“tween”-twenty) [2-CU] with thorough mixing for a 20-minute incubation at room temperature [3-MED].
3.4.1. Tube(s) being added to centrifuge bucket

3.4.2. Shot of pellet if visible, then pellet being mixed, with citric acid and Tween20 container labels visible in frame

3.4.3. Talent placing tube at RT

3.5. Then collect the cells by centrifugation [1-MED] and thoroughly resuspend the pellet in 2 mL of staining solution containing 0.68 micromolar DAPI (DAP-ee) [2-CU] for an at least 60-minute incubation at room temperature protected from light [3-MED].

3.5.1. Talent placing tube(s) into centrifuge

3.5.2. Shot of pellet, then pellet being resuspended, with staining solution container visible in frame

3.5.3. Talent protecting tube from light

4. Bead Calibration and ASC Sample Analysis
4.1. For bead calibration, load the bead mix for linear calibration into the flow cytometer [1-WIDE-TXT] and measure the beads continuously while manipulating the nozzle and laser optics positions to pre-calibrate the instrument in the linear range [2-MED].
4.1.1. Talent picking bead solution tube up from a rack and loading bead solution onto cytometer (bead containers next to the rack)
4.1.2. Talent at cytometer, adjusting nozzle/laser optics

4.2. When the bead peaks can be fit into a preset calibration template [1-SCREEN], switch to log mode [1-CU] and load a logarithmic calibration bead sample [2-CU].

4.2.1. *To be provided by Authors: Shot of peaks within preset calibration template

4.2.2. Measurement mode being switched from lin to log

4.2.3. Talent picking bead solution tube up from a rack and loading log bead solution onto cytometer (bead containers next to the rack)

4.3. Fit the logarithmic bead peaks to their preset calibration template to fine tune the hardware of the instrument and use the photomultiplier tube gain setting to make any necessary final adjustments to the bead position [1-SCREEN].
4.3.1. *To be provided by Authors: Peaks being set to calibration template by adjusting their position with the gain controls
4.4. Johannes Lambrecht: “The most critical aspect of this procedure is maintaining consistent measurements to allow comparability between experiments. Therefore, daily cytometer calibration and the use of beads and a biological standard are vital to the success of this flow cytometric microbiome analysis.” [1-MED-interview style][2-SCREEN]
4.4.1. Johannes Lambrecht, speaking the above interview style (looking just off-camera)
4.4.2. *To be provided by Authors: Biological standard and beads being measured together during voice over (Video Editor: show during second sentence)
4.5. When the cells are ready, mix and filtrate the samples [1-MED] and add the logarithmic bead mix to the cells [2-CU].
4.5.1. Talent mixing cells, with tube(s) with filter(s) visible in frame

4.5.2. Beads being added to at least one tube, with bead container label visible in frame 
4.6. Now mix and load the sample onto the cytometer [1-MED] and create a gate to include the stained cells and to exclude the noise and beads [2-SCREEN].
4.6.1. Talent loading sample onto cytometer
4.6.2. *To be provided by Authors: sample being measured/gate being created
4.7. Then analyze the sample set consecutively [1-CU] at a maximum speed of 3,000 events/second until 250,000 cells are detected within the cell gate [2-SCREEN].
4.7.1. Sample(s) being mixed (Author Comment: Shot was not filmed, because it was already said in 4.5 and 4.6)
4.7.2. *To be provided by Authors: 3,000 events/second being analyzed/cells appearing within cell gate


5. Cytometric Barcode
5.1. To analyze the flow cytometry data, develop a master gate template for use on all of the samples [1-WIDE]. Start by loading the flow cytometry standard files into an appropriate flow cytometry analysis program [1-WIDE], and process the samples successively [2-MED-over the shoulder].

5.1.1. Talent opening analysis program, with monitor visible in frame
5.1.2. Talent developing master gate template, with monitor visible in frame

5.2. Load the samples, double-click a measurement, and select the x- and y-axis parameters from their respective dropdown menus to open a forward scatter vs. DAPI-fluorescence plot [1-SCREEN].
5.2.1. 57033_5.2.1 sample loading and axis selection_t2.mp4: 00:12-00:22
5.3. Use the polygon drawing tool to reproduce the previously-generated measurement cell gate to exclude the beads and noise and name the gate accordingly [1-SCREEN].
5.3.1. 58033_5.3.1 cell gate creation and nameing_t2.mp4: 00:04-00:14
5.4. Drag the cell gate entry into the all samples group list and double-click the cell gate to selectively display only the cell events [1-SCREEN].
5.4.1. 58033_5.3.1 cell gate batching and display_t2.mp4: 00:00-00:10
5.5. Define the subcommunities prevalent in a sample with the elliptical gate tool and pool them [1-SCREEN]. Then add additional subcommunity allocations in subsequent samples until the master gate template fits all of the samples [1-MED-over the shoulder] [1-SCREEN].
5.5.1.  58033_5.5.1 Subcommunity definition_t2.mp4: 00:02-00:12
5.5.2. Talent adding next sample (Author Comment: The shot was recorded but is redundant to 5.1.2 with regards to the transported information. If it was intended to break up the quite long series of screen capture shots it can obviously be used.) (Editor: This can be used if you feel is it appropriate per the author’s comment. Otherwise, I’d just omit it and play the entire VO over 5.5.1)
5.6. Control the master gate template with the Side Scatter scanning method to resolve subcommunities clustering close to each other. [1-SCREEN].
5.6.1. 58033_5.5.2 SSC scanning_t2.mp4: 00:20-00:30
5.7. Then add all of the subcommunities to the table editor and set the output statistic to “frequency of parent” [1-SCREEN].

5.7.1. 58033_5.7.1 set output statistics_t2.mp4: 00:08-00:18
5.8. Use the table editor to export the relative subcommunity abundances into an appropriate spreadsheet software [1-SCREEN] and adapt the data formatting according to the guidelines in the CyBar manual [2-SCREEN-TXT].
5.8.1. 58033_5.7.2 export data to spreadsheet_t2.mp4: 00:03-00:15
5.8.2. 58033_5.8.1 adjust data fomating and save as .txt_t2.mp4: 00:05-00:15 (TEXT: Save as tab delimited .txt file)
5.9. Then, to visualize the subcommunity dynamics and correlations, install and load the R package and load and normalize the .txt file [1-SCREEN-TXT].

5.9.1. *To be provided by Authors: Package being installed/loaded, then data being loaded and normalized (TEXT: See Results for further microbial evolution analysis details)
6. Results: Representative Microbial Evolution Analyses
6.1. Forward scatter vs. DAPI fluorescence plots reveal the cell cycle states of pure strain cultures at different points in a batch culture [1-LM]. 
6.1.1. PC growth curve.mp4: Movie of sequential dot plots next to the growth curve with the respective time point emphasized “PC growth curve” (Video Editor: no animation)
6.2. Using a master gate template then allows quantification of the proportion of cells with one [1-LM], two [2-LM], or multiple chromosomes [3-LM], revealing, for example, the ability of this representative microbe to replicate its chromosomes faster than its generation time [4-LM].
6.2.1. Figure 2B growth curve values 2.psd: please emphasize c1n data column
6.2.2. Figure 2B growth curve values 2.psd: please emphasize c2n data column

6.2.3. Figure 2B growth curve values 2.psd: please emphasize cXn data column

6.2.4. Figure 2B growth curve values 2.psd: please emphasize data line

6.3. When investigating complex microbial communities over time, the pace and significance of the community shifts can be easily visualized with a dot plot sequence [1-LM].
6.3.1. ASC community dynamics.mp4: no animation
6.4. The dominant subcommunities in different stages of the experiment can be clearly identified using the cytometric barcode tool [1-LM].

6.4.1. Figure 3AB CYBAR + colorkey new.psd: please add/emphasize data boxes in right graph
6.5. Combining this data with the frequency distribution of the relative subcommunity abundances allows the selection of gates demonstrating significant abundance changes at key time points [1-LM]. Visualization of this data in a non-metric multidimensional scaling plot can facilitate a deeper understanding of the community dynamics [2-LM].
6.5.1. Figure 3C NMDS ASC results new.psd: no animaion

6.5.2. Figure 3C NMDS ASC results new.psd: please trace/emphasize data line
6.6. Biogas communities can potentially face spatial heterogeneities due to agitation limitations. The exemplary biogas community [1-LM] sample points exhibit little spatial but pronounced temporal heterogeneity [2-LM].
6.6.1. Figure 4A spatial heterogenety.psd: please subsequently add/emphasize dot plot graphs
6.6.2. Figure 4B temporal heterogenety.psd: please subsequently add/emphasize dot plots

6.7. Strong positive or negative correlations with abiotic parameters like product titers [1-LM] can help with understanding and optimizing ecosystems and biotechnological processes. Furthermore they facilitate the identification of gates of special interest for subsequent sorting and analysis [2-LM]. 
6.7.1. Figure 7.pdf: please emphasize left matrix plot
6.7.2. Figure 7.pdf: please emphasize right cluster of gates

7. Conclusion (said by authors on camera):
7.1. Johannes Lambrecht: While establishing this procedure, it’s advised to evaluate different fixation and staining techniques to assess the stability of these techniques each new sample set.
7.2. Susann Müller: After the cell sorting, further approaches, such as 16S amplicon sequencing, metagenomics or proteomics, can be applied on the selected subcommunities to answer additional questions about taxonomic affiliation or active metabolic pathways.

7.3. Johannes Lambrecht: This technique paved the way for microbial ecologists and bioprocess engineers to closely follow microbiome dynamics in natural and controlled ecosystems with a reasonable resource investment.
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. 
PC growth curve.mp4

ASC community dynamics.mp4

Figure 2A growth curve dotplots.psd
Figure 2B growth curve values 2.psd

Figure 3AB CYBAR + colorkey new.psd

Figure 3C NMDS ASC results new.psd

Figure 4A spatial heterogenety.psd

Figure 4B temporal heterogenety.psd
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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