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A. Microscopy: Does your protocol require JoVE to film through your microscope? N
B. Does your protocol include software usage? Y 
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. Please upload your screen captured files to your submission folder.
C. Which steps of from the protocol section below will viewers benefit most from having filmed? 
3.2., 3.7., 3.8., 3.10.-3.12., 4.15
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.7, 3.8, 3.10
E. Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the significance of your method to the viewer. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Arin Sutlief: This method can help answer key questions about biofilm development, such as how to identify key environmental conditions that affect biofilm growth and behavioral characteristics during development. 

1.2. Hunter Kleinschmidt: The main advantage of this technique is that the multi-channeled microfluidic plates allow the quick acquisition of statistically significant results.   

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

1.3. Christopher Wentworth: Though this method can provide insight into biofilm structure, it can also be applied to the study of antibiotic treatments and bioremediation.

1.4. Helena Valquier-Flynn: Generally, individuals new to this method will struggle, because careful attention to the details of the protocol and meticulous skills are needed.

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol: (read by voice talent at JoVE)
2. Equipment Startup

2.1. To avoid an error in the connection of the instrument to the software, turn on the PC Workstation first [1-WIDE] followed by the Fluorescence Module [2-MED].
2.1.1. Talent turning on workstation
2.1.2. Talent turning on Fluorescence Module
2.2. Make sure the fluorescence shutter is ON [1-CU] and turn on the Hardware Controllers [2-MED].
2.2.1. Shot of blue light

2.2.2. Talent turning on Hardware Controllers
2.3. Next, turning on the Imaging system Controller [1-MED] and the CCD Camera [2-MED].

2.3.1. Talent turning on Imaging system Controller

2.3.2. Talent turning on CCD Camera

2.4. Then turn on the Imaging Station [1-MED].
2.4.1. Talent turning on microscope

2.5. When all of the equipment is ready, start the control application [1-MED-over the shoulder] and enter the plate number located on the label on the side of the plate [2-CU].
2.5.1. Talent starting control application, with monitor visible in frame

2.5.2. Shot of plate number on side of plate
3. Microfluidic Plate Priming and Seeding 

3.1. For priming, first remove the 48-well microfluidic plate from the packaging without touching the glass surface at the bottom of the plate [1-WIDE] and clean the glass slide at the plate bottom with a lens tissue. [2-CU].
3.1.1. Talent removing plate from packaging

3.1.2. Slide being cleaned
3.2. To prime the microfluidic channels, pipette 200 microliters of 37 °C minimal medium into the output well, taking care to avoid bubbles [1-CU], and place the plate onto the plate stage [2-MED].

3.2.1. Medium being added to well, with medium container label visible in frame as possible

3.2.2. Talent placing plate onto stage

3.3. Wipe the interface with ethanol [1-CU], sealing it onto the plate stage once the ethanol has dried [2-CU].
3.3.1. Interface being wiped

3.3.2. Interface being sealed
3.4. In Manual Mode on the Control Module [1-MED], set the Fluid as Luria-Bertani broth at 37 °C and Max Shear at 5 dyne/cm2 [2-SCREEN].
3.4.1. Talent at computer, selecting Control Module 
3.4.2. *To be provided by Authors: setting Fluid and Max Shear

3.5. Click the output wells to activate the flow [1-SCREEN] from the output to the input well to prime the channels [2-CU] [1-SCREEN].
3.5.1. *To be provided by Authors: Output wells being clicked

3.5.2. Channels being primed (Videographer/Video Editor: can skip this step if it cannot be visualized)

3.6. After 5 minutes, pause the flow to prepare for seeding [1-MED] and carefully remove the plate from the stage [2-MED].

3.6.1. Talent pausing flow

3.6.2. Talent removing plate from stage

3.7. Then aspirate any residual medium from the output well without removing any medium from the inner circle that leads to the microfluidic channels [1-CU].
3.7.1. Medium be aspirated by pipette
3.8. To seed the experimental channels, add 300 microliters of minimal medium into the input well [1-CU] followed by the addition of 300 microliters of bacterial culture into the output well [2-CU-TXT].

3.8.1. Medium being added to well, with medium container label visible in frame

3.8.2. Bacteria being added to well, with bacteria container label visible in frame (TEXT: See text for bacterial preparation details)

3.9. Return the plate to the imaging stage [1-MED] making sure to wipe the interface with ethanol before placing it on the plate [2-MED] and use the live camera feed to focus on a single channel [3-SCREEN].
3.9.1. Talent placing plate onto stage

3.9.2. Talent wiping interface

3.9.3. *To be provided by Authors: Single channel coming into focus
3.10. While visually monitoring the live feed, resume the flow at 1-2 dyne/cm2 for approximately 2-4 seconds to allow the cells to enter the experimental channel but not the serpentine channels [1-SCREEN-TXT] and leave the plate on the temperature-controlled stage for 1 hour to allow the cells to attach [2-MED].
3.10.1.  *To be provided by Authors: Max shear adjusted to 1 dyne/cm2 and Flow being resumed for 2 seconds before stopped (TEXT: Confirm manual run has been stopped)
3.10.1a [Added Shot]: *To be provided by Authors: Live feed showing the flow of bacteria into the channel. (Author Comment: This is harder to capture and you’ll see we can mostly see the presence of the bacteria by the larger clumps. It is hard to know the focus needed before bacteria is present.) (Editor: I’m not exactly sure where the authors want this. Since this is the live feed mentioned the beginning of the VO, I suggest showing this along-side 3.10.1 as a side-by-side)
3.10.2. Talent setting timer, with stage and plate visible in frame as possible (Author Comment: There is not a timer but we included a shot showing the time flow was stopped and the continuously running time clock that is used to keep track of the 1 hr wait period.)
3.11. At the end of the attachment period, carefully remove the plate from the stage [1-MED] and aspirate the bacteria from the output well without disturbing the channel [2-CU].
3.11.1.  Talent placing plate onto bench
3.11.2.  Bacteria being aspirated from output well (Author Comment: At this point I asked the videographer if we could try a shot from above. This gives a view of the wells a little better and the technique needed to carefully remove the bacteria in order to prevent disturbing the channel. I explained this in a recorded message as well. If we would like to add dialogue for the voice over to explain this further please let me know.) (Editor: For the time being, I suggest using this new overhead shot for the VO intended for 3.11.2. If this obviously does not fit the VO or if the authors indicate that the original 3.11.2 should be used, then they will need to provide additional VO)
3.12. Then use a new pipette tip to remove the medium from the input wells [1-CU].
3.12.1.  Medium being aspirated
4. Software and Timed Biofilm Growth Experiment Setup
4.1. In the software, open “Multiple Dimensional Acquisition” to control the microscope image acquisition [1-WIDE] and select “Timelapse”, “Multiple Stage Positions”, and “Multiple Wavelengths” [2-SCREEN].
4.1.1. Talent opening Multiple Dimensional Acquisition, with monitor visible in frame
4.1.2. *To be provided by Authors: Timelapse, Multiple Stage Positions, and Multiple Wavelengths being selected
4.2. In the “Saving” tab, create a simple Base Name, making sure that “Increment base name if file exists” is checked [1-SCREEN].
4.2.1. *To be provided by Authors: Base name being created, then shot of Increment base name if file exists checked/being checked
4.3. Click “Select Directory” to select the folder in which all of the files will be saved and include any essential details of the experiment in the Description [1-SCREEN].
4.3.1. *To be provided by Authors: “Select Directory” being clicked and a folder added to the project folder for data collection., then details being entered (Author Comment: In the background, under “Description” we wrote “experiment details here” but was not pointed out during our screen shot.)
4.4. Under the “Timelapse” tab, adjust the “Duration” of the experimental time to 24 hours and set the “Time Interval” to acquire images every 5 minutes throughout the experiment [1-SCREEN].
4.4.1. *To be provided by Authors: Duration being adjusted, then Time Interval being set
4.5. Use the live camera feed and the 10X objective to set the stage positions [1-MED], focusing on the center of the channel located above or below the channel numbers engraved on the plate [2-SCREEN].
4.5.1. Talent selecting 10X objective
4.5.2. *To be provided by Authors: Center of channel coming into focus
4.6. Switch to the 20X objective [1-CU] and locate the optimal viewing area and focal plane within the channel [2-SCREEN].
4.6.1. 20X objective being selected
4.6.2. *To be provided by Authors: Optimal viewing area being located/coming into focus
4.7. Then add the stage position to the list with the new settings [1-SCREEN].
4.7.1. *To be provided by Authors: Stage position being added to list
4.8. Under the “Wavelengths” menu, set the number of wavelengths to three and set the first wavelength to “FITC 100% camera” with a 10-millisecond exposure time, the second wavelength to “Brightfield 50% camera 50% visible” with a minimal exposure time of 3 milliseconds, and the third wavelength to “All Closed” so no light remains on the last channel between the acquisition times [1-SCREEN].
4.8.1. *To be provided by Authors: Number of wavelengths being set, then first, second, and third wavelength parameters being set
4.9. In the “Edit Autorun” menu, open the “Protocol Setup” tab and set a new protocol with a 24-hour duration with the flow set in the forward direction at the appropriate experimental shear rate [1-SCREEN].
4.9.1. *To be provided by Authors: Shot of open Edit Autorun menu, then Protocol Setup being opened and protocol duration and flow direction being set. Add and Save As being clicked. 
4.10. Click “Add” and “Save As” to save the protocol and open the “Sequence Setup” tab [1-SCREEN].
4.10.1.   *To be provided by Authors: Add and Save As being clicked, then Sequence Setup tab being selected
4.11. To set up a new sequence, select “Luria-Bertani broth at 37 degrees” as the default fluid for all of the channels [1-SCREEN].
4.11.1.  *To be provided by Authors: LB@37degrees being selected
4.12. Under Step Iteration 1, for channels 1-12, select the protocol with the first experimental shear rate and enable all of the channels [1-SCREEN].
4.12.1.   *To be provided by Authors: Protocol being selected, then channels being enabled
4.13. For channels 13-24, select the protocol with the second experimental shear rate and enable all of the channels [1-SCREEN-TXT].
4.13.1.   *To be provided by Authors: Protocol being selected, then channels being enabled (TEXT: Vary shear rates to evaluate biofilm growth effects)
4.14. Then select “Apply” and “Save As” to save sequence and open the “Autorun” menu to select the saved sequence to be used for the autorun [1-SCREEN].
4.14.1.   *To be provided by Authors: Apply and Save as being selected, then Autorun being opened and sequence being selected
4.15. To set up the timed growth biofilm experiment, add up to 1300 microliters of sterile minimal medium into the input well of the microfluidic plate [1-CU] and return the plate to the imaging stage [2-MED].
4.15.1.  Medium being added to input well (Author Comment: I again asked the videographer to include a recording from a top view. This allows users to see how media should be added gently to the input wells again to prevent disturbing the channel. We do this by placing the pipette tip close to the well wall, allow the liquid to flow down the wall into the well. Bubbles should also be prevented or removed if developed.) (Editor: For the time being, I suggest using this new overhead shot for the VO intended for 4.15.1 If this obviously does not fit the VO or if the authors indicate that the original 4.15.1 should be used, then they will need to provide additional VO)
4.15.2.  Talent placing plate onto stage
4.16. Then wipe the interface with ethanol [1-MED] and seal the plate [2-CU].
4.16.1.  Talent wiping interface
4.16.2.  Plate being sealed
4.17. [1-MED-over the shoulder] Confirm that the protocols and sequences are set up correctly [2-SCREEN]. 
4.17.1.  Talent checking plate position, with monitor visible in frame
4.17.2.   *To be provided by Authors: Shot of protocol and sequence (Author Comment: We accidentally did catch a mistake while double checking the protocol and sequence. Include what you think works well.) (Editor: Not sure what mistake the authors are referring to, except perhaps the shot they removed.)
4.18. Select “Start” to start the autorun and immediately click “Acquire” to start the microscope image collection [1-SCREEN].
4.18.1.   *To be provided by Authors: Start being selected, then Acquire being clicked
4.19. At the end of the first image acquisition, click “Pause” and select the live image mode in the bright field wavelength [1-SCREEN].
4.19.1.   *To be provided by Authors: Pause being clicked and live image mode being selected
4.20. Select “Go To” to view each stage position and select “Set to Current” to set the new settings [1-SCREEN].
4.20.1.   *To be provided by Authors: Go To being selected, then Set to Current being selected
4.21. Then click “Resume” before beginning the next scheduled acquisition [1-SCREEN].
4.21.1.   *To be provided by Authors: Resume being clicked (Author Comment: It is important that Resume is clicked before the next scheduled acquisition time in order to keep the 5 min interval consistent from start to finish. This means only some channels can be adjusted at a time and will take a couple times between acquisitions to adjust all channels.) (Editor: It’s not clear if the authors want anything done here, or if this note is just informational.)
5. Results: Representative Percent Threshold Area, Total Biofilm Accumulation, Roughness Coefficient, and Textural Entropy
5.1. In this representative timed biofilm growth experiment [1-LM], the biofilm coverage, or percent threshold surface area, was different for all three shear settings, indicating that the shear had a direct influence on the biofilm surface coverage [2-LM].
5.1.1. 4a.ai: no animation
5.1.2. 4a.ai: JoVE Video Editor: please sequentially emphasize data lines from green to blue
5.2. The total relative measurement of the biofilm accumulation increased as a function of time [1-LM], with the growth rate declining from the highest shear stress to the lowest shear stress [2-LM].
5.2.1. 4b.ai: JoVE Video Editor: please stretch arrow from 0 to 1400 min to show accumulation over time
5.2.2. 4b.ai: JoVE Video Editor: please sequentially emphasize data lines from green to blue
5.3. Under each condition, there was also a clear period of exponential growth from which a quantitative growth rate could be calculated [1-LM].
5.3.1. 4b.ai: JoVE Video Editor: please add/emphasize black diagonal lines as in original Figure 4b
5.4. Overall the roughness coefficient decreased over time under all shear conditions, indicating that all of the biofilm surfaces became smoother [1-LM]. 
5.4.1. 4c.ai: JoVE Video Editor: please add a diagonal line from top left to bottom right of graph to emphasize general decrease in roughness
5.5. However, compared to the lowest shear [1-LM], the higher shear settings resulted in a smoother surface over time, indicating that a faster shear flow contributes to a smoother and more even surface [2-LM].
5.5.1. 4c.ai: JoVE Video Editor: please emphasize blue data line
5.5.2. 4c.ai: JoVE Video Editor: please emphasize orange and green data lines
5.6. Further, the textural entropy, or the randomness in the morphology, increased over time for all of the shear conditions [1-LM].
5.6.1. 4d.ai: JoVE Video Editor: please add a diagonal line from bottom left to top right of graph to emphasize general decrease in roughness
6. Conclusion (said by authors on camera):
6.1. Helena Valquier-Flynn: While performing this procedure, it’s important to remember to follow the specified sequence and to take the time to perform each step precisely. The needed skills can take a few runs to master.
6.2. Hunter Kleinschmidt: Following this procedure, other methods like HPLC or GC-MS can be performed to answer additional questions about the concentration of the substrates, such as glucose, being consumed.
6.3. Arin Sutlief: After its development, this technique paved the way for researchers in the field of biofilms to explore general flow environments in real time with controlled experimental conditions and higher throughput sampling.
6.4. Christopher Wentworth: Don't forget that working with BSL2 bacterial strains can be extremely hazardous and that precautions, such as wearing proper protective equipment and using appropriate waste protocols, should always be taken while performing this procedure.     
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. 
5.1.1. 4a.ai – biofilm coverage graph

5.2.1. 4b.ai – biofilm accumulation graph

5.4.1. 4c.ai – biofilm roughness coefficient graph

5.6.1. 4d.ai – biofilm textural entropy graph

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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