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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (NO)_________  (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? (Yes.  ) If yes, we will need you to record using to QuickTime X 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 steps using the step numbers listed in this document. Steps 1.1.2-1.1.5; 1.2.1-1.2.2; 1.3.2, 1.4.2, 2

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document._ Step 1.2.2).

E.  Will the filming need to take place in multiple locations? (Yes) _______ If yes, how far apart are the locations?   A different building on campus ~ 5 min walk.
______________________________________________

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 visualize and quantify bacterial surface motility, called swarming, in a standard and reproducible manner. (Intro)

This is accomplished by first preparing and curing the surface motility plates. (P1:  When the words “This is accomplished” are spoken, simulate pouring the media by tilting the bottle in Panel P1 such that the mouth of the bottle is pointing towards the empty petri dish. Use a serological pipette to add the media to the plate. Then, make the pink media within the bottom disappear, and finally, make the pink media re-appear inside the petri dish)

[bookmark: _GoBack]The second step is to inoculate the surface motility assay plates with bacteria… and incubate these plates in a controlled environment. (P2:  When the words “inoculate the surface” are spoken, remove the inoculation stick from the test tube in Panel 2a.  Then, make the petri dish in Panel 2b appear, and have the inoculation stick touch down onto the pink agar.  Next, remove the inoculation stick by fading it out, and then, shrink the agar plate a little bit and laterally translate the plate into the incubation oven in Panel 2c.  Please keep the oven in Panel 2c for the next set of animations.)

Next, the patterns of bacterial growth on the plate assays are imaged in real time. (P3:  When the word “Next” is spoken, make the petri dish appear out from the oven in Panel 2c.  Translate the petri dish into the imager in Panel 3b, and immediately make the petri dish fade away.  Then, simulate the real-time imaging of bacteria growth by transitioning from Panel 3c and then to 3d, making the petri dish appear and disappear for each transition. )


The final step of the procedure is to process the images for quantification. (P4:  When the words “The final step” are spoken, first make the computer monitor in Panel P4 appear, and then make the 3 petri dishes within the monitor appear from left to right).


Ultimately, this procedure provides a standardized protocol for surface motility plate assay preparation to generate quantitative dynamic information such as swarm expansion rate or bioproduct density distribution for surface motile bacteria. (P5:  When the words “surface motility” are spoken, make the 2 photos in Panel P5 emanate from the right-most petri dish within the computer monitor in Panel 4..)



P1:  LABMEDIA:  P1.ai
P2:  LABMEDIA:  P2.ai
P3:  LABMEDIA:  P3.ai (various recompositions of P3.ai)
 P4:  DAM ID #1182 (Crop out the series of leaves in the original DAM image archive, and replace the items on the computer screen with the 3 agar plates from P3b, P3c, and P3d)
P5:  LABMEDIA:  P5.ai
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Only one statement should be chosen and completed per author
1.1. Joshua Shrout:  Many groups perform surface motility assays. The main advantage of this technique is that we provide a systematic protocol that minimizes the multiple variables that lead to inconsistency.   
1.2. Nydia Morales-Soto: This method can help answer key questions in the field of bacterial surface motility field, such as how bacteria colonize different types of surfaces.  
1.3. Anne Mattingly: Though this method can provide insight into Pseudomonas swarming motility, with some modifications it can also be applied to study other surface motile bacteria. 
1.4. Morgen Anyan: Generally, individuals new to this method will struggle because minor changes in protocol or laboratory environment can greatly influence swarm assay results.
1.5. Joshua Shrout: Demonstrating the procedure will be Morgen a graduate student from my laboratory. 



Protocol (read by voice talent at JoVE):
2. Media and Plate Assay Preparation 
2.1. To begin the protocol, prepare an agar mix by combining 200 mL of FAB-minus (“pronounced F-A-B-minus”) ammonium sulfate swarm medium, 0.9 g of Noble agar, and 0.2 g of Casamino (pronounced “CAS-amino”) acids into a 500 mL media bottle.  Place the bottle onto a magnetic stirring plate, and mix the media thoroughly.
2.1.1. MED:  The talent is in the process of adding various dry powder mixtures, such as agar or Casamino acids, into a 500 mL media bottle.  (TEXT:  Swarm media = Table 1;  Agar mix = Table 2)
2.1.2. MED:  The talent places a media bottle, filled with powder media, water, and an in internal stir bar, onto a hot plate capable of magnetic stirring.  Then, the talent turns on the stir plate to stir the mixture.  (TEXT:  Use small volumes ~ 100 – 300 mL for consistency)
2.2. Next, sterilize the media in an autoclave set at 121.1 oC for 22 minutes with a fast-vent option.  Immediately after sterilization, tighten the media bottle cap to prevent water evaporation.  
2.2.1. WIDE:  The talent walks over to an autoclave, places the media bottle (with autoclave tape on) into the sterilization chamber, and closes the door to the autoclave.  (TEXT:  Avoid agar caramelization during sterilization)
2.2.2. MED:  With autoclave gloves on, the talent places the hot, sterilized media on top of the bench and tightens the bottle cap.  In this shot, black stripes or lines should appear on the autoclave tape
2.3. Place the media onto a magnetic stir plate, and cool the agar media to 50oC in an ambient temperature environment with active stirring.  If the agar is to be used at a later experimental time point, it can be kept warm in a 60oC water bath or an incubator for 15 hours without active stirring.
2.3.1. MED:  The talent places the media back onto the magnetic stir plate and turns the stirrer on.
2.3.2. MED:  This should be still shot of a media bottle immersed in a container filled with warm water being placed in 60C incubator.
2.4. When the media reaches approximately 50oC, add 2 mL of filter-sterilized glucose using standard sterile techniques.  Mix thoroughly with the magnetic stir bar to prevent bubble formations in the media. 
2.4.1. MED: Using a sterile serological pipette, and while the bottle is still on the stir plate, the talent adds 2 mL of filtered glucose into the media.  (TEXT:  Glucose stock = 1.2 M in water)
2.4.2. CU:  The entire shot should be focused on the meniscus of the swirling-media, with the emphasis on the lack of surface bubbles in the agar media. (TEXT:  Surface bubbles on agar hinders even swarming)
2.5. In a laminar hood, use a sterile serological pipette to aliquot 7.5 mL of the agar media into individual 60 mm petri dishes.  If a larger swarming surface area is desired, aliquot 25 mL of agar media into 100 mm petri dishes.  Leave all dishes unstacked, and check the laminar hood with a bull’s eye level to ensure an even horizontal surface for the agar to solidify on.
2.5.1. MED:  Using a serological pipette, the talent dispenses 7.5 mL of agar media into several petri dishes  (TEXT:  Precise media volume improves swarming consistency and reproducibility)
2.5.2. MED:  In the background, there should be a couple of unstacked agar plates left to dry inside the biosafety hood.  The talent takes a bubble leveler and measure the tilt of the biosafety hood.
2.6. For 60 mm plates, set aside the dish lids and cure the uncovered agar in the laminar hood for 30 minutes.   Larger 100 mm dishes will require a longer curing time.  The humidity, airflow, and temperature of a given laboratory may necessitate testing the curing time for optimal swarming of your bacterium.
2.6.1. MED:  This should be a still shot of a couple of unstacked agar plates, all without their lid covers, inside the biosafety hood.  
3. Swarm Assay Inoculation
3.1. After drying, the agar plates should immediately be inoculated with the bacteria of your choice.  To begin, pick an isolated bacteria colony from a fresh LB plate and inoculate into 6 mL of culture media.  Incubate the culture overnight at 37oC with horizontal shaking.
3.1.1. MED:  In the biosafety hood, the talent places all petri dish lids back on to respective each plate.  Then, the talent stacks the plates and brings it out of the biosafety hood. (TEXT:  Do not store plates for future use)
3.1.2. MED:  With a stack of fresh agar plates within the shot frame, the talent first picks a bacteria colony off of an existing agar plate with a sterile wooden stick.  Then, the talent inoculates the colony into a test tube containing 6 mL of media.  (TEXT:  Culture media formulation = Table 2)
3.1.3. WIDE:  The talent walks over to the shaker platform, places the inoculated tube on the shaker’s tube rack, and turns the shaker on.  (TEXT:  Shaker speed = 250 240 rpm)
3.2. On the next day, inoculate 1 to 5 L of the overnight culture over the dried swarm agar plates by poking the agar surface with a sterile toothpick or wire inoculation needle.
3.2.1. MED:  The talent uses a needle-point inoculation stick and inserts it into the overnight bacteria culture.  (Video editor:  This tube of culture should theoretically look cloudier than the tube in shot 3.1.3).
3.2.2. CU:  This shot should be zoomed in on the agar plate itself, where the talent takes the needle-point inoculation stick and performs a “soft” stab onto the agar surface.  (TEXT:  A deep stab is not desired).
3.3. Depending on the bacteria strain, transfer the swarm assay plates into an incubator with the temperature set to either 30oC, 37oC, or 42oC.  Invert the plates such that excess moisture condenses on the plate lid and not on the agar.
3.3.1. WIDE:  The talent walks over to the incubator, places the inoculated plate inside the incubator (with the petri dish lid on the bottom), and closes the incubator door.  (Videographer:  It would be great if the temperature indicator of the incubator is visible in this show).  (TEXT:  Recommended temperatures in Table 2)
4. Macroscopic Imaging of Bacteria Surface Motility
4.1. Equilibrate the bacteria at strain-specific temperatures for either 2 or 4 hours just prior to time-lapse imaging.  
4.1.1. MED:  The talent takes the incubator plates out of the oven incubator.
4.1.2. MED:  The talent places the plate into a temperature-regulated imaging chamber (TEXT:  The “incubation for time-lapse imaging” entry in Table 2) 
4.2. Next, transfer the plates into the in vivo imaging unit such that the bacteria on the agar surface are facing down towards the inverted camera of the unit.  Fill all petri dish lids with a small amount of water.  Then, place each lid, with water-side facing up, on top of the inverted agar plates inside the imaging unit.
These shots were changed to better reflect what actually takes place. The talent opens the door to chamber inverts all plates while removing the lids and placing them on top of each plate. Then it takes one a lid out to be filled with water and replaces it on top of the inverted plate. Then, it proceeds to do this with all other lids.
4.2.1. MED:  The talent opens up the door of the imaging chamber, transfer all plates (with the bacteria-side facing downwards) into the chamber, takes all petri dish lids out, and closes the imaging chamber door.
4.2.2. MED:  The talent fills some petri dish lids with sterile water.
4.2.3. MED:  The talent then reopens the imaging chamber, places several water-laden petri dishes at the bottom of each petri dish.
4.3. Seal the imaging enclosure to maintain a constant humidity level.  Adjust the imaging settings of the imaging unit …, and commence time-lapse imaging of swarming activity.
4.3.1. WIDE:  The talent tapes (or uses some other type of sealant the lab prefers) the edges of the insert within the imaging unit.
4.3.2. MED:  The talent is in the process of changing the imaging settings on the computer that controls the imaging unit.  (TEXT:  Filters and exposure settings in Table 3)
4.3.3. MED:  The talent presses the “start” icon on screen, and walks away from the imaging chamber.  Briefly leave the camera focused on the computer screen for 1-2 seconds to show that data acquisition is actually happening.  (TEXT:  Typical time-lapse capture settings in Table 2
4.4. After real-time imaging, the swarming dynamics of the bacteria can be analyzed using standard image-analysis such as ImageJ (pronounced “Image-J”).
4.4.1. LABMEDIA:  Figure 2:  (Video Editor:  When the words “After real-time imaging” are spoken, show Figure 2.
5. Results:  Swarming dynamics of various bacteria strains
5.1. In a surface motility experiment, assaying for the agar moisture content just prior to inoculation is crucial in achieving successful swarming results.  Optimally-dried agar plates will facilitate a tight inoculation spot and enhance bacterial swarming activity, whereas over-dried plates will suppress surface motility.
5.1.1. LABMEDIA:  Figure 1 (Video Editor:  Crop Panel A of Figure 1 and combine with just the 0.5% panel in panel B, and discard all other panels.  When the words “assaying for the agar plate moisture” are spoken, highlight the “dry time” label at the top of Panel A of Figure 1.  When the words “optimally-dried” are spoken, highlight both the light-brown and dark agar plates under the “20” label in Panel A, and also, highlight the “30 min” swarming bacteria plate in the 0.5% lane in Panel B.  Finally, when the words “over-dried plates” are spoken, highlight the “200 min” plate in the 0.5% lane in Panel B.
5.2. In addition to moisture content, the presence or absence of media additives can also affect the swarming activity of bacteria as a function of incubation temperature.
5.2.1. LABMEDIA:  Figure 1C: (Video Editor:  Crop Panel C of Figure 1 and discard all other panels.  When the words “the presence or absence” are spoken, highlight the “With NH4” labels in both the 30oC and 37oC sub-panels in Figure 1C.  When the words “as a function of incubation temperature” are spoken, highlight the 30oC and 37oC labels themselves in Figure 1C).
5.3. By utilizing bacteria strains expressing different fluorescent proteins, the swarming competition dynamics between two different bacteria species can be captured in a fluorescent time-lapsed video.
5.3.1. LABMEDIA:  Video_Figure2.mov:  (Video Editor:  When the words “utilizing bacteria strains” are spoken, please play the video).
5.4. Furthermore, changes in local cell density… and the biosynthesis rate of mobility-promoting lipids within the bacteria swarm can also be ascertained and quantitated with time-lapsed fluorescent microscopy.
5.4.1. LABMEDIA:  Figure 3:  (Video Editor:  When the words “changes in local cell density” are spoken, highlight panel A of Figure 3.  When the words “biosynthesis rate of mobility” are spoken, highlight panel B of Figure 3).

6. Conclusion (said by authors on camera)

6.1. Nydia Morales-Soto: Following this procedure, other methods such as confocal microscopy, can be employed in order to answer questions  about individual cell behavior, to generate a detailed macroscopic AND microscopic analysis of bacterial surface motility.
6.2. Joshua Shrout: After watching this video, you should have a good understanding of how to perform a standard and reproducible swarm assay, and obtain a comprehensive analysis of bacterial surface motility, by preparing, curing, and inoculating surface motility assays, and processing and analyzing the patters of bacterial growth

       

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.
5.2.1- Figure 1C.pptx – swarming motility in response to NH4 and temperature
5.3.1- Video Figure 2.mov – dual color imaging of bacterial competition
5.4.1- Figure 3.pptx- swarming morphology, expansion rate, and lipid production of a bacterial swarm


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.
 2013, Journal of Visualized Experiments

image1.tiff
O @’cé’iﬁ




image2.tiff




image3.tiff




image4.tiff




image5.tiff




image6.tiff
00





image7.tiff




image8.tiff




