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Questionnaire:
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___no___ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_yes___ 
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.) _ 2.1 /3.3 / 3.4 / 3.7 / 4.3 / 4.12_________________________________________

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_4.5 ( prevent the loading of too many spores into the culture chamber as this will lead to rapid overcrowding by growing vegetative mycelia. Use diluted spore suspension, check loading efficiency visually (microscope DIC live modus/screen) and use x-y stage positions that contain not more than 10 spores per imaging window.Step 4.11 Ensure that autofocus routine is working as images will drift out of focus over time rapidly resulting in blurred images that are difficult to analyze. 
E.  Will the filming need to take place in multiple locations? (Y/N) __yes__ If yes, how far apart are the locations? ___~300 meters, filming locations (lab and room with microscope) are in two different buildings. __________________________________
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 fluorescent time-lapse microscopy protocol is to provide a method for studying biological cell processes that underpin the development and cellular differentiation in the sporulating filamentous bacteria Streptomyces venezeulae. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Susan Schlimpert: The described method provides an excellent platform to study biological cell processes that are central to the Streptomyces life cycle, including dynamic protein localization, polarized growth and sporulation septation. 
1.2. Susan Schlimpert: The main advantage of this technique is that Streptomyces venezuelae sporulates in liquid can be used to grow S. venezuelae in a microfluidic device where the complete life cycle can be microscopically monitored.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. Mark Buttner: This method demonstrates the immense potential of Streptomyces venezuelae as a new developmental system for the genus because it allows for live-cell imaging of the differentiation of a multicellular mycelium into chains of unigenomic spores.
Protocol (read by voice talent at JoVE):  
2. Isolation of Fresh S. venezuelae Spores and Preparation of Spent Culture Medium 
2.1. To begin, inoculate 30 mL of supplemented growth medium with 10 µL of spores from the S. venezuelae strain to be imaged. [2.1.1 - MED - TXT] For consistent growth and sporulation of the cells, use a baffled flask or a flask that contains a spring to allow for sufficient aeration. [2.1.2 - CU]
2.1.1. Talent inoculates growth media. (TEXT: Supplemented Growth Medium: Maltose-yeast extract-malt extract medium + 60 µL R2 trace element solution) (TEXT: S. venezuelae: attBBT1::(PdivIVA-divIVA-mcherry PftsZ-ftsZ-ypet))(Video Editor: Show the first text describing the growth medium from the beginning through the word “medium”, then show the text describing the spores from the word “with” through the end of the sentence.)
2.1.2. Talent places spring loaded cap on sample flask. 
2.2. Culture the cells for 35 to 40 hours at 30 °C and 250 rpm. [2.2.1 - MED] When ready, you should be able to see the mycelial fragments and spores via liquid mounted phase-contrast microscopy. [2.2.2 - LM]
2.4.2 [moved] Talent caps the remaining culture medium and sets it aside.
2.2.1. Talent places culture into incubator and starts the culture shaking.

2.2.2. Phase_contrast_image_of_cells.tiff (Authors: Please upload the desired image with the filename provided to the link provided in the scriptwriter’s first email.)
2.3. Centrifuge 1 mL of the culture in a table-top centrifuge at 400 x g for 1 minute to pellet the mycelium and the larger cell fragments. [2.3.1 - MED - TXT]
2.3.1. Talent places sample in table-top centrifuge and starts spin. (TEXT: 400 x g, 1 min.)

2.3.2. Added: Close-up of pellet after taking the sample out of the table-top centrifuge

2.4. Then, transfer approximately 300 µL of the supernatant containing a suspension of spores to a new 1.5 mL tube and place the tube on ice. [2.4.1 - MED/CU] Retain the remaining culture medium for use in a later step. [2.4.2 - MED]]
2.4.1. Talent transfers supernatant with spores in new tube and places it on ice.

2.4.2. [moved] Talent caps the remaining culture medium and sets it aside.

2.5. Next, dilute the spores 1 to 20 in supplemented growth medium and keep the diluted spores on ice until they are needed.  [2.5.1 - CU - TXT]
2.5.1. *Film as written (TEXT: Final Concentration: ~0.5-5 x 107 spores/mL)
2.6. Pour the remaining culture medium in a 50 ml beaker and then draw up 10 mL with a syringe and use a sterile 0.22 µm syringe filter to filter-sterilize the remaining culture medium to obtain spent supplemented growth medium that is free of spores and mycelial fragments.  [2.6.1 - MED]
2.6.1. Talent pours culture medium in a small glass beaker and draws up medium in a syringe, adds filter, and begins to filter sterilize the medium into a sterile tube.

2.7. Keep the filtered spent supplemented growth medium for a few days at 4 °C if additional experiments using similar growth conditions are to be conducted. [2.7.1 - MED]
2.7.1. Talent places the filtered medium at 4 °C.
3. Preparation of the Microfluidic Device

3.1. Susan Schlimpert: “Each microfluidic plate can be used for up to four independent experiments.  To avoid contaminating the unused flow chambers, use sterile solutions and working conditions when setting up the experiment.” [3.1.1 - INT]
3.1.1. Interview style: Author saying the above while holding a microfluidic plate.
3.2. Begin by removing the shipping solution from the microfluidic plate. [3.2.1 - CU]  Then, rinse the wells with sterile supplemented growth medium. [3.2.2 - CU]
3.2.1. *Film as written

3.2.2. *Film as written

3.3. Once rinsed, add 300 µL of the supplemented growth medium to the inlet of well 1 and 300 µL of the spent supplemented growth medium to the inlet of wells 2 through 6. [3.3.1 - CU]
3.3.1. *Film as written

3.4. Next, load 40 µL of the diluted spores to well 8 of lane “A” [3.4.1 - CU] and seal the manifold to the plate in accordance with the manufacturer’s instructions.[3.4.2 - CU]
3.4.1. *Film as written

3.4.2. *Film as written

3.5. Launch the microfluidics control software and select the appropriate plate type.  Set up a flow program to flow medium from inlet wells 1 to 5 at 6 psi for 2 minutes per well in order to prime the flow channel and the culture chamber. [3.5.1 - SCREEN - TXT]
3.5.1. Screen capture video of the above step in the order it is described. (TEXT: 6 psi = 9 µL medium/hr).(Video Editor: Add the text overlay when entered in the program.)
3.6. Then, have it flow supplemented growth medium at 6 psi into inlet well 1 for 6 hours.  This will allow germination and vegetative growth to take place. [3.6.1 - SCREEN]
3.6.1. Screen capture video as the above setting is entered into the program. I have provided separate screen recordings for 3.6.1 and 3.71 as well as a screen recording of the two steps done sequentially (as I would do it in an experiment). Please use the version that can be best synchronised with the voice over.
3.7. Have the program switch, after 6 hours, to the spent supplemented growth medium and flow it into wells 2 through 5 at 6 psi for the remainder of the experiment. [3.7.1 - SCREEN]
3.7.1. Screen capture video as the above setting is entered into the program.

4. Set up of the Microscope and the Time-lapse Protocol  
4.1. Pre-warm the environmental chamber to 30 °C in advance. Then turn on the microscope  and the microscope control software. [4.1.1 - MED] 
4.1.1. *Film as written This step basically involves switching on three power plugs on the wall. The temperature of the environmental chamber should be set the night before. We have filmed the “setting of the temperature to 30C” using the touchpad control of the microscope and “launching of the microscope control software”.  
4.2. Put a high numerical aperture oil-immersion objective into place [4.2.1 - CU - TXT] and confirm that the appropriate filters and dichromatic mirrors set to acquire differential interference contrast images along with images of the yellow-fluorescent and the red-fluorescent protein fusions are in place. [4.2.2 - SCREEN]
4.2.1. *Film as written (TEXT: Objective: 100X, 1.46 NA Oil DIC)
4.2.2. Screen capture video as talent selects the filters/mirrors needed for each image.  This microscope is fully automated with pre-saved settings. I have added a screen video in which I select the objective and check the filters in the software.
4.3. (Authors: If this is better viewed by showing you put the filters into place in the microscope, change the SCREEN to a MED shot and the description in 4.2.2 to *Film as described.)Place a drop of immersion oil onto the objective [4.3.1 - ECU] and to the bottom of the imaging window on the microfluidic plate as well. [4.3.2 - CU] Carefully mount the sealed microfluidic device onto the stage of the inverted microscope and secure it into place. [4.3.3 - CU]
4.3.1. *Film as written

4.3.2. *Film as written

4.3.3. *Film as written

4.4. Use the embedded position markers to bring the imaging window of the microfluidic culture chamber into focus. [4.4.1 - SCREEN] Focus on the leftmost part of the first flow chamber, labeled “A”, and then move the stage to trap size  5, corresponding to a trap height of 0.7 µm. [4.4.2 - SCREEN] [4.4.3 – SCREEN]
4.4.1. Screen capture showing live video from the microscope as the step is performed.

4.4.2. Screen capture video of the above step in the order described.

4.4.3. [added] Screen capture showing live video from the microscope as the imaging window of the culture chamber, labeled “A” is brought into focus and then the stage is moved to trap size of “5”, corresponding to trap height of 0.7 µm. (please show “TEXT: trap height of 0.7 µm” once the stage is moved to the corresponding trap size)
4.5. In the microfluidics software, set the system to load cells from inlet well 8 at 4 psi for 15 seconds. [4.5.1 - SCREEN] After the process is run, check the cell density in the culture chamber by moving the stage across the imaging window. [4.5.2 - SCREEN]
4.5.1. Screen capture video of the above step in the order described.
4.5.2. Screen capture showing live video from the microscope as the step is performed.

4.6. If no spores were trapped, repeat the cell loading step or alternatively increase the loading pressure and/or time until the desired cell density of 1 to 10 spores per imaging window is achieved. Take care to avoid overloading the culture chamber.  [4.6.1 - SCREEN]
4.6.1. Screen capture video as the talent changes the settings as described and re-runs the loading procedure.

4.7. Next, start the previously prepared flow program in the control software [4.7.1 - SCREEN] and allow the microfluidic plate to heat-equilibrate for 1 hour in the microscope stage before starting image acquisition.[4.7.2 - MED]
4.7.1. Screen capture video of the above step in the order described. Add TEXT “allow microfluidic plate to heat-equilibrate for 1 hour” or add a “timer” counting down from 1hr to emphasize the heat-equilibration period after placing the microfluidic plate into the stage.
4.7.2. Talent checks/adjusts the chamber temperature as needed. 
4.8. In the microscope control software, set up a multi-dimensional acquisition to take multiple images at multiple stage positions over time by first specifying a directory for the automatic saving of the image files. [4.8.1 - SCREEN]
4.8.1. Screen capture video of the above step in the order described.
4.9. Next, go to the illumination settings and enter pre-determined optimal illumination settings for each specific construct. [4.9.1 - SCREEN - TXT] Then, set up a time series to acquire images every 40 minutes for 24 hours.  [4.9.2 - SCREEN]
4.9.1. Screen capture video of the above step in the order described. (TEXT: Sample Exposure Times: DIC 150 ms, YFP 250 ms, RFP 100 ms)
4.9.2. Screen capture video of the above step in the order described.
4.10. In order to determine stage positions and set the autofocus, scan the culture chamber and store stage positions for each imaging position of interest. Ensure that the single stage positions are located far enough apart to minimize photobleaching and phototoxicity.  [4.10.1 - SCREEN]

4.10.1. Screen capture video as talent scans the stored stage positions to check their distance. culture chamber and saves 
4.11. Once the Z-coordinates of the selected stage positions are verified, activate the hardware autofocus. Then, start the time-lapse experiment in the microscope control software. [4.11.1 - SCREEN]
4.11.1. Screen capture video as talent activates the autofocus and then starts the time lapse experiment. Note: The autofocus is activated via a touchpad control (hardware) and not via the microscope control software. In the supplied screen capture video, one can see the appearance of “light flash” in the live video from the microscope which is the confirmation that the “hardware autofocus” has been switched on. To make the point in the screen capture video, please add TEXT: “Autofocus ON” when the “light flash” appears. I have added a version of this screen capture with added text to give you a better idea what I mean.
4.12. Stop image acquisition after 24 to 30 hours or when the hyphae in the region of interest have differentiated into spores. [4.12.1 - SCREEN] Then, stop the flow program in the software and disassemble the microfluidic device. [4.12.2 - SCREEN]
4.12.1. Screen capture video of the above step in the order described. In the screen capture video, I scroll through the acquired time-points of the time-lapse to assess the success of the experiment. The time is indicated in the left upper corner. Could you zoom in onto the spores at t=18h and then zoom out at t=22h? The spores are rather small and zooming in might help to make the point about determining the right time-point to stop the experiment. I have added a modified version of this screen capture video showing the “zoom in/out” effect I mean (4.12.1 zoom in and out) 
4.12.2. Screen capture video of the above step in the order described.
4.13. Prepare the used microfluidic plate for short-term storage by removing any remaining medium from the inlet wells, the waste well, and the cell loading well. [4.13.1 - CU]
4.13.1. *Film as written

4.14. Then, fill up the used wells of lane “A” with water and re-fill the inlet wells of the unused lanes with sterile PBS. [4.14.1 - CU]  Finally, seal the plate with Parafilm to prevent it from drying out [4.14.2 - CU] and store the plate at 4 °C.   [4.14.3 - MED]
4.14.1. *Film as written

4.14.2. *Film as written

4.14.3. *Film as written

5. Results: Fluorescence Time-lapse Imaging of the Complete Streptomyces Life Cycle
5.1. The successful live-cell imaging of the entire S. venezuelae life cycle yields a continuous time-series including the key developmental stages of germination, vegetative growth, and sporulation

5.1.1. Movie 1.mp4 (Video Editor: Slow down the video and repeat it once during the statement. Skip the intro (~1 sec) of the video for this step.)

5.2. During germination and vegetative growth, DivIVA-mCherry (pronounced: Div-four-A m-Cherry) exclusively accumulates at the growing hyphal tips or marks newly forming hyphal branch points
5.2.1. Figure 4a (Video Editor:  Emphasize the open arrow heads with the words “growing hyphal tips” and the filled arrow heads with the words “hyphal branch sites”)

5.3. In contrast, FtsZ-YPet (pronounced: F-t-s-Z Y-Pet) forms single ring-like structures at irregular intervals in the growing mycelium. These structures provide the scaffold for the synthesis of non-constrictive vegetative cross-walls leading to the formation of interconnected hyphal compartments.
5.3.1. Figure 4b 

5.4. In sporulating hyphae, the localization pattern of FtsZ-YPet changes dramatically; first helical FtsZ-YPet filaments tumble along the hypha and then, in a sudden, almost synchronous event, these helices coalesce into a ladder of regularly spaced FtsZ-YPet rings. 
5.4.1. Figure 4c (Video Editor: Start by showing the first time point and top label for the images.  With the word “first” add the next two time points (14:40-15:20) Then, with the word “sudden” add the rest of them one after another until they all show up on the screen by the last word.)

5.5. Finally, sporulation septa become discernible in the differential interference contrast images and eventually the new spores are released.
5.5.1. Figure 4d
6. Conclusion (said by authors on camera) 
6.1. Susan Schlimpert:.This technique provides a robust protocol to perform live-cell imaging of the complete Streptomyces life-cycle. The microfluidic system is easy to use and offers experimental flexibility to allow long-term monitoring of bacterial growth.
6.2. Susan Schlimpert: Following this procedure, this experimental set-up also provides a starting point to investigate developmental events in response to changing culturing conditions or the use of fluorescent dyes to monitor peptidoglycan synthesis or visualize chromosome organization 
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.  

2.2.2
Figure2-2-2.tiff – Phase contrast image of a cell culture used for the experiment (preparation of fresh spores and spent-MYM medium). 

5.11
Movie 1.mp4 – time-lapse movie of the entire Streptomyces life cycle

5.2.1
Figure 4a.tiff – DIC/RFP overlay of DivIVA-mCherry localization during vegetative growth

5.3.1
Figure 4b.tiff – DIC/FtsZ-YPet localization (top) and DIC only (bottom) during vegetative growth 

5.4.1
Figure 4c.tiff -  DivIVA-mCherry and FtsZ-Y localization during sporulation septation

5.5.1
Figure 4D.tiff – Formation and constriction of sporulation septa to produce spores

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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