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A.  Will you require JoVE to record video microscopy through a microscope (not on a computer screen attached to a microscope), such as filming a complex dissection or microinjection technique? (Y/N) N
If yes, please list make and model of your microscope: and specify the steps by number/short description: Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps:

 3.1; 3.7; 3.8; 4.1; 4.2; 4.3 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Technically, there are no complex steps involved. However, critical is to correctly set the parameters and operate the equipment to obtain proper results.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to sort mycelial pellets formed by filamentous streptomycetes according to size using a large particle COPAS flow cytometer. (Intro) This is accomplished first by the growth and subsequent sampling of the desired bacterial strain. (P1) In the second step, the sample strain is measured by COPAS. (P2) The data is then analysed in silico (P3) and the mycelial pellets are sorted according to user-defined parameters. (P4) Ultimately, these analyses can be used to further characterize the pellet size heterogeneity. (P5)
from Figure 1.pdf

(P1) with “first by growth” please show the flask from under the “Growth” bracket and then have flask move into the shaking incubator from under the “Growth” bracket and shake (do not show “growth” text or bracket); with “subsequent … strain” please have flask leave incubator and pour aliquot into an open conical tube like the tube under the “Sampling” bracket and then cap the tube with a red cap (do not show “sampling” text or bracket)
(P2) show grey tubing with sample cup and then have yellow sample being poured from open conical tube into blue hole in top of sample cup under “COPAS analysis text (do not show “COPAS” text)

(P3) with “data … silico” please show 2.4.5. Talent at computer
(P4) with “mycelial … paramteres” please show 3.2.1. tube being placed for sorting OR 3.2.3. SCREEN shot of sort being started
(P5) Figure 3.pdf
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Dennis Claessen: Though this method can be used for streptomycetes, it can also be applied to other organisms, such as filamentous fungi.

1.2. **Author name Dennis Claessen: Demonstrating the procedure will be Marloes Petrus, a PhD student from my laboratory.

1.2.1. Interview style: Author saying the above 

1.2.2. Marloes looks up from where he is “working” and acknowledges the camera OR just shot of Marloes “working” while being introduced
Protocol (read by voice talent at JoVE):
2. COPAS analysis
2.1. First grow the cultures by adding 100 ml of yeast extract malt extract medium and 0.2 ml of 2.5 M magnesium chloride to one sterile 250 ml Erlenmeyer flask equipped with metal coiled springs for each bacterial sample.
2.1.1. WIDE: Talent adding medium to flask
2.1.2. MED: Talent adding magnesium chloride to flask
2.2. Then inoculate each flask with 1x108 spores of Streptomyces to obtain a spore concentration of 1x106 spores/ml and grow the bacteria at 30°C with shaking at 180 rpm.
2.2.1. MED: Talent adds spores to flask

2.2.2. MED: Talent places flask into shaking incubator
2.3. After 2 days, use a sterile 5 ml pipette to collect a 5 ml sample from each culture while gently shaking the flask to evenly distribute the cells. Then dispense each sample into individual 15 ml conical tubes.

2.3.1. MED: Talent removes 5 ml from at least one flask while shaking the flask

2.3.2. MED: Talent adding at least one sample to at least one 15 ml tube
2.4. To evaluate the samples by COPAS analysis, confirm that the COPAS Plus, pump, computer and 488 nm argon laser are turned on and then open the Biosort software.

2.4.1. [2.4.1-2.4.4 all one shot] MED: Talent turns on COPAS plus (Videographer: Combine 2.4.1., 2.4.2., 2.4.3, AND/OR 2.4.4. as appropriate)

2.4.2. MED: Talent turns on pump (Videographer: Combine 2.4.1., 2.4.2., 2.4.3, AND/OR 2.4.4. as appropriate)

2.4.3. MED: Talent turns on computer (Videographer: Combine 2.4.1., 2.4.2., 2.4.3, AND/OR 2.4.4. as appropriate)

2.4.4. MED: Talent turns on laser (Videographer: Combine 2.4.1., 2.4.2., 2.4.3, AND/OR 2.4.4. as appropriate)

2.4.5. MED – over the shoulder: Talent at computer, looking at monitor, opening Biosort software
2.5. Confirm that the sheath fluid bottle is full and that the waste bottle is empty and then click 'START' and 'RUN' to switch the 488 nm argon laser from standby to on. 
2.5.1. CU: Shot of full sheath fluid bottle

2.5.2. CU: Shot of empty waste bottle

2.5.3. SCREEN: START then RUN being clicked

2.6. After approximately 60 seconds, the laser will be ready. Click 'DONE' and then check the pressure gauges.
2.6.1. CU/SCREEN: if possible, shot of laser being ready (e.g., light indicating laser is ready or similar), otherwise skip shot

2.6.2. SCREEN: DONE being clicked

2.6.3. MED SCREEN: Few seconds Talent checking at least one gauge, a few if possible (TEXT AS LIST OVER ACTION: Sheath: 4.0; Sample: 0.5; Sorter: 2.7; Clean: 10.9)

2.7. Click the checkbox next to 'Pressure OK' and, then after the system primes the flow cell, confirm that the 'Delay' setting is at 11 and the 'Width' is at 7. 
2.7.1. SCREEN: Checkbox next to “pressure ok” being checked

2.7.2. SCREEN: Shot of delay being set/set at 11 and width being set/set at 7

2.8. Set the thresholds at 50 for 'Signal' and 40 for 'time of flight Minimum'.

2.8.1. SCREEN: Shot of threshold being set at 50 for signal and then 40 for TOF minimum

2.9. Then remove the leftover water from the sample cup, add about 50 ml of PBS, and then add 0.1 ml of one of the Streptomyces samples into the cup.
2.9.1. MED: Talent dumps out removes leftover water from sample cup

2.9.3
[note order switch] CU: 50 ml pBS being added to cup

2.9.2. MED/CU: Talent adds 0.1 ml sample to cup (Multiple takes; shot will be used again)

2.10. Make sure the cup is closed properly and then click 'Acquire' to start collecting data. Manage the flow speed to obtain between 30 and 50 events per second. 
2.10.1. CU: Cup being closed properly

2.10.2. SCREEN: Acquire being clicked

2.10.3. SCREEN: Flow speed between 30-50 events per second (TEXT: High flow = add PBS; low flow = add sample)
2.11. When at least 2500 events have been collected, click 'STOP' and then 'Store' to save the data for subsequent statistical analysis.

2.11.1. SCREEN: STOP being clicked, then STORE
2.12. Then use a 50 ml syringe to remove the sample and rinse the cup with water twice.

2.12.1. MED/CU: Shot of syringe aspirating sample (Multiple takes; shot will be used again)

2.12.2. MED/CU: Few seconds Talent rinsing sample cup (Multiple takes; shot will be used again)

3. Pellet sorting

3.1. To sort bacterial pellets, for each sample first set ‘Sorting Limits’ and enter details about the minimal and maximal time of flight values. Alternatively, select ‘Regions’ and then ‘Define Gate Region’ to create an area for selecting the pellets with the desired dimensions and properties.
3.1.1. WIDE: Talent at COPAS computer, setting ‘Sorting Limits’

3.1.2. SCREEN: Minimal and maximal TOF values being entered

3.1.3. SCREEN: ‘Regions’ being selected, then ‘Define Gate Region’ being selected, then area being created for selecting pellets
3.2. Place a 50 ml tube to collect the pellets that meet the sorting parameters. Then set the number of pellets to be sorted, and click ‘Sort Manually’ to sort for the selected parameters. 
3.2.1. CU: Shot of tube being loaded to collect pellets

3.2.2. Use 2.9.2. sample being added

3.2.3. SCREEN: Number of pellets to be sorted being set

3.2.4. SCREEN: Sort Manually being clicked (TEXT: Sort ends automatically)

3.2.5. [added shot] MED: Close-up of pellets being sorted

3.3. After the sort, remove the leftover sample and rinse the sample cup with water twice. 
3.3.1. 2.12.1. removing sample

3.3.2. 2.12.2. rinsing cup
3.4. Before shutting down the COPAS, clean the sample cup with 70% ethanol. 
3.4.1. MED: Few seconds Talent washing cup with ethanol, with labeled “Ethanol” (or 70% EtOH or similar) label visible for at least part of shot

3.5. Now run the system twice, once with chlorinated water and once with plain water. Then empty the overflow container.

3.5.1. MED: Few seconds Talent adding chlorinated water to sample cup with “Chlorinated H2O” or similar label visible for at least part of shot

3.5.1.1 [added shot] SCREEN: Cleaning of flow-cell with chlorinated water
3.5.2. CU: Few seconds water being added to sample cup with “H2O” or similar label visible for at least part of shot

3.5.3. MED: Few seconds overflow chamber being emptied
3.6. After cleaning, click 'STOP' to release the pressure from the system. When the motor stops, close the program and click 'Shutdown without purging'. 
3.6.1. SCREEN: STOP being clicked

3.6.2. SREEN: Program being closed

3.6.3. SCREEN: ‘Shutdown without purging’ being clicked

3.7. Then switch off the computer, the COPAS, the laser and the pump.
3.7.1. [3.7.1-3.7.4 all one shot] CU: Computer being switched off

3.7.2. CU: COPAS being switched off

3.7.3. CU: Laser being switched off

3.7.4. CU: Pump being switched off

4. Results: Measurement and sorting of Streptomyces pellets by COPAS
4.1. Streptomycetes form mycelial pellets in liquid cultures that have a wide range of sizes. To analyze the pellet size distribution, a 2-day old liquid grown Streptomyces coelicolor culture was subjected to large particle flow cytometry using a COPAS Plus Profiler equipped with a 1 mm nozzle. Here a typical COPAS output scatter plot is shown. The x-axis represents the time-of-flight: the larger a pellet is, the longer it takes to pass the laser beam. The y-axis indicates the extinction, which represents the optical density of the object. Each point in the scatter plot corresponds to a single pellet passing through the laser beam. 
4.1.1. LAB MEDIA: Figure 2A (Authors: Please submit Figure 2A as its own individual .ai, .tif, or .psd file without the “A” label)

(Video Editor: with “The x-axis … pas the laser beam” please highlight/circle/similarly indicate x-axis and legend; 

with “The y-axis … of the object” please highlight/circle/similarly indicate y-axis and legend; 

with “Each point … through the laser beam” please circle the dots within the graph)
4.2. Plotting the data points into a histogram indicated that the sizes from this representative sample were not normally distributed; the distribution appeared to be skewed to the right. 
4.2.1. LAB MEDIA: Figure 2B (Authors: Please submit Figure 2B as its own individual .ai, .tif, or .psd file without the “B” label) 

(Video Editor: with “distribution … right” please stretch an arrow from the bottom of the peak on the left to the bottom of the peak on the right of the histogram OR have a line trace across the top of the first rectangle of the left, then down its side, then across the top of the middle rectangle, then down its side, then across the top of the right rectangle then down its side [e.g. trace down in stepwise fashion])

4.3. Log transforming the data set also did not lead to a normal distribution. To assess whether the size distribution could be explained by assuming a mixture of two normal distributions, the data was mathematically modeled. Modeling indeed indicated a population of small pellets consisting of 92% of all the pellets with an average size of 248 (m and a population of large pellets, comprising 8% of all the pellets, with an average size of 319 (m.

4.3.1. LAB MEDIA: Figure 2C (Authors: Please submit Figure 2C as its own individual .ai, .tif, or .psd file without the “C” label) 

(Video Editor: with “assuming … populations of pellets” please outline the 2 dotted line histograms; 

with “small pellets … 248 (m please fill in/highlight the taller thinner histogram; 

with “large pellets … 319 (m” please fill in/highlight the shorter fatter histogram)

4.4. Here a representative analysis of micro-colonies sorted from the large and small pellet populations are shown. The average pellet sizes of the two populations were used to define the boundaries for sorting. So as to limit the sorting of the pellets from the overlapping portion of the two size distributions, pellets smaller than 248 (m were considered to be from the small pellet population, whereas pellets larger than 319 (m were considered to be from the large pellet population. Microscopic analysis of the sorted pellets confirmed their distinct sizes.
4.4.1. LAB MEDIA: Figure 3.pdf 

(Video Editor: please show histogram like 2C without colors, images, arrows, brackets, or text then with “pellets smaller.. small pellet population” please fill in the pink part of the histograms and add the bracket and “Small” text; 

with “whereas … large pellet population” please fill in the blue part of the histograms and add the bracket and “Large” text; 

with “Microscopic … sizes” please add the images and stretch the arrows from the images to the appropriate areas of the histogram)

5. Conclusion (said by authors on camera)
5.1. Dennis Claessen: Following this procedure, other methods like Next generation sequencing or proteomics, can be performed to unravel the underlying mechanisms of bacterial cell heterogeneity.

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, 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.  

Figure 1.pdf

Figure 2A.pdf

Figure 2B.pdf

Figure 2C.pdf
Figure 3.pdf

In addition to the figures already indicated in the results section, I think we can include screenshots from the computer connected to the COPAS. However, we can best generate them once we are filming to be most accurate. 
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.
( 2011, Journal of Visualized Experiments


