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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (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? (Y/N)__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.

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.) Step 2.1, Part of Step 2.3 and Step 3.2  Part of Step 3.2 and particle tracking analysis are critical parts but are focused on using software
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.) __ I may need help and advice for making videos to match your voice-overs using screen recording software in Step 3.2 and Step 4. I will try to make some demos first and send those over before Sept 21st (arrival of videographer)
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? _

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 methodology is to show how to measure the rheological properties within the microdomains of heterogeneous flow cell and static biofilms. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Joey Yam: This method can help answer key questions on rheology in the biofilm field, such as how specific matrix components, different species, or compounds affect biofilm rheology and thus its response to physical forces such as shear. 

1.2. Su Chew: This is a non-destructive technique with high spatial resolution. It can be conducted in biological laboratories with standard equipment.

Protocol (read by voice talent at JoVE):

2. Flow Cell or Static Culture Set Up

2.1. After preparing overnight bacterial cultures, and supplies and medium for flow cell setup according to the text protocol [2.1.1-WIDE/MED], aliquot fluorescent microspheres in sterile water into microcentrifuge tubes [2.1.2-MED/CU]. To remove the sodium azide, spin down the tubes for 5 minutes [2.1.3-MED-TXT]. 
2.1.1. Talent approaches bench and places overnight cultures down next to medium and supplies for flow cell setup
2.1.2. Film as written

2.1.3. Talent places tubes into centrifuge (TEXT: 9391.2 x g)
2.2. Under a sterile environment such as a flow hood, remove the supernatant and use 1 ml of growth medium to resuspend the microspheres [2.2.1-CU].  Set up flow cell culture according to the text protocol [2.2.2-WIDE/MED]. 
2.2.1. Talent finishes removing supernatant and adds growth medium with microspheres

2.2.2. Talent sets up flow cell culture
2.3. For a static culture setup for biofilms grown in microwell chambers [2.3.1-MED/CU-TXT], dilute overnight cultures 100 fold in microcentrifuge tubes by adding 10 ul of overnight culture to 1 ml of growth medium containing microspheres [2.3.2-MED/CU]. Then use the diluted cultures to fill the microwell chambers [2.3.3-CU] and incubate at 37 °C under static conditions [2.3.4-WIDE]. 

2.3.1. Talent at bench with overnight cultures with microwell chamber plates visible (TEXT: refer to text protocol for details)

2.3.2. Film as written

2.3.3. Film as written

2.3.4. Talent places cultures in incubator
3. Microscopy
3.1. On days 3 and 5, switch off flow from the peristaltic pump [3.1.1-MED/CU] and bring the flow cell setup into the microscopy room [3.1.2-WIDE/MED].  Then clamp the tubing near the entrance and exit of the flow cell chambers to prevent drift from flow [3.1.3-CU].   

3.1.1. Film as written

3.1.2. Talent places setup down in microscopy room [split shot a and b]
3.1.3. Film as written
3.2. Place the flow cell onto the stage of an upright microscope [3.2.1-MED] and with a 40x oil objective and fluorescence microscopy [3.2.2-MED], record the microsphere motion embedded in the biofilm at various locations, such as micro-colonies [3.2.3-SCREEN/LM] and flat undifferentiated layers for both temporal and spatial investigations [3.2.4-SCREEN/LM].
3.2.1. Film as written
3.2.2. Shot of objective on microscope

3.2.3.  Record as written and point out the microcolonies; Editor point out microcolonies

3.2.4. Record as written and point out the flat undifferentiated layers; Editor point out flat, undifferentiated layers
3.3. For events occurring within a short time scale, record shorter videos with a faster frame rate for fast dynamics [3.3.1-SCREEN/LM-TXT].  For longer events, capture longer videos with a slower frame rate for slower dynamics [3.3.2-SCREEN/LM-TXT]. 

3.3.1. Record as written; (TEXT: e.g., 1.5 - 3 min; 25 - 30 frames/sec)

3.3.2. Record as written (TEXT: 15 - 30 min; 2.5 - 5 frames/sec)

3.4. Save the videos in an appropriate format that can be read by Fiji/ImageJ, such as ‘czi’ or ‘tif’ [3.4.1-SCREEN/LM].
3.4.1. Record as written
3.5. Check that drift is not occurring by scrolling through a finished video [3.5.1-MED OVER SHOULDER] and confirming that the particles do not move in the same direction simultaneously [3.5.2-SCREEN/LM] but that motion is random [3.5.3-SCREEN/LM-TXT]. 
3.5.1. Talent at computer scrolling through video
3.5.2. Example on video of drift

3.5.3. Example on video of random motion  (TEXT: refer to text for causes of drift); Editor, place this side by side with 3.5.2
3.6. Remove the flow cell from the microscope stage [3.6.1-MED] and restart the peristaltic pump to continue cultivating the biofilm [3.6.2-MED/CU].
3.6.1. Film as written

3.6.2. Film as written
4. Particle Tracking Analysis
4.1. To obtain particle tracking trajectories of the recorded videos [4.1.1-MED OVER SHOULDER], open Fiji and load a file [4.1.2-SCREEN/LM]. Under the plugins menu, select Tracking and TrackMate [4.1.3-SCREEN/LM].

4.1.1. Talent at computer opening Fiji and loading a file

4.1.2. Talent opens Fiji and loads a file (TEXT: downloadable at http://fiji.sc/Fiji)

4.1.3. Record as written
4.2. Check or adjust resolution and frame rate parameters in the initial calibration settings so that they match the video parameters [4.2.1-SCREEN/LM].
4.2.1. Record as written

4.3. To detect particles, select ‘LoG detector,’ and input particle diameter and threshold value - for example, one thousand [4.3.1-SCREEN/LM].  Check the preview button and scroll through the video to check that the purple circles follow the particles throughout the video [4.3.2-SCREEN/LM].  

4.3.1. Record as written

4.3.2. Record as written, Editor, point out one or more circles to show that they follow particles throughout the video

4.4. Increase the threshold value if the purple circle appears in the empty space [4.4.1-SCREEN/LM].  Reduce the threshold value if not enough particles are detected.  Click the ‘next’ button to complete the detection of particles [4.4.2-SCREEN/LM].
4.4.1. Record as written
4.4.2. Record as written
4.5.  If the initial particle detection was satisfactory and there is no need to add or remove particles, click the ‘next’ button for the next three windows ‘Initial thresholding,’ ‘Select a view,’ and ‘Select a filter’ without adjustment [4.5.1-SCREEN/LM]. 
4.5.1. Talent clicks next buttons for next three windows (Talent if you can use cursor to show that detection was satisfactory, perform this before clicking next.)
4.6. Next, in the option bar of the ‘Select a tracker method’ window, select ‘Simple LAP tracker’ as particles rarely move out of focus in the biofilm and are easily tracked [4.6.1-SCREEN/LM].  Use the suggested or low linking and gap-closing max distance values and click ‘next’ [4.6.2-SCREEN/LM] 

4.6.1. Record as written

4.6.2. Record as written

4.7. Check that the particle tracking is satisfactory by scrolling through the video to see that particles follow the tracks drawn by TrackMate and that there are no unwanted or missing tracks [4.7.1-SCREEN/LM].

4.7.1. Talent scrolls through video and particles are shown following tracks drawn

4.8. Various filters are provided to exclude particles based on their individual tracking results. If this is not required, go to the final window ‘Select an action.’  From the drop down menu, select ‘Export tracks to xml file and click ‘Execute.’  Choose a folder and save the tracks [4.8.1-SCREEN/LM].
4.8.1. Talent points out some of the filters and then goes to final window ‘Select an action.’  Then from drop down menu, talent selects ‘Export tracks to xml file’ and selects ‘execute’ then saves tracks in a folder.
4.9. In Matlab, prepare to import the xml files of particle trajectories by selecting ‘File>Set Path’ and add the ‘scripts’ folder available with the Fiji package [4.9.1-SCREEN/LM].
4.9.1. Record as written 

5. Particle Trajectory Analysis (Editor, for the text commands that talent will be inputting, place as TEXT at the top or bottom of the screen.)
5.1. To carry out particle trajectory analysis, begin by downloading m-s-d analyzer [5.1.1-MED OVER SHOULDER-TXT]. 
5.1.1. Talent at computer downloads msd analyzer (TEXT:  http://www.mathworks.com/matlabcentral/fileexchange/40692-mean-square-displacement-analysis-of-particles-trajectories)
5.2. Extract the @m-s-d analyzer folder and drop it into a folder that belongs to the Matlab path [5.2.1-SCREEN/LM].  Start Matlab and initiate the analyzer by typing the following: (TEXT: ‘ma=msdanalyzer(2, ‘um’, ‘sec’)’) where ‘um’ and ‘sec’ are the physical space and time units in the video [5.2.2-SCREEN/LM].  (Authors: please indicate how to pronounce ‘um.’)
I guessed it was “micrometers”
5.2.1. Record as written
5.2.2. Talent starts MatLab and types in the text shown (TEXT: ‘ma=msdanalyzer(2, ‘um’, ‘sec’)’
5.3. Next, import the particle trajectories by typing the following: (TEXT: [tracks, md] = importTrackMateTracks(‘FileName.xml’, ‘clipZ’, ‘scaleT’) ma = ma.addAll(tracks)); where ‘clipZ’ removes the z dimension for a 2D video, and ‘scaleT’ scales the units in the time dimension from frames to seconds [5.3.1-SCREEN/LM]. 
5.3.1. Talent types the following text (TEXT: [tracks, md] = importTrackMateTracks(‘FileName.xml’, ‘clipZ’, ‘scaleT’) ma = ma.addAll(tracks))
5.4. To plot particle trajectories, input the following: (TEXT: ’ma.plotTracks; and ma.labelPlotTracks) [5.4.1-SCREEN/LM]. Compute the mean squared displacements, or MSDs of the particles using the commands shown here: (TEXT: ma = ma.computeMSD; and ma.msd) [5.4.2-SCREEN/LM]. 

5.4.1. Talent inputs the following text (TEXT: ’ma.plotTracks; and ma.labelPlotTracks)

5.4.2. Talent inputs the commands to compute mean squared displacements (TEXT: ma = ma.computeMSD; and ma.msd)

5.5. To plot the MSDs of each particle, use ‘figure’ and ma.plotMSD (Pronounced ‘m’ ‘a’ dot plot M S D.) [5.5.1-SCREEN/LM].  Then combine particle trajectories from other videos of the same category by importing the trajectories then plotting and computing MSDs as just demonstrated [5.5.2-SCREEN/LM]. 

5.5.1. Talent inputs ‘figure’ and ma.plotMSD

5.5.2. Talent imports other trajectories and computes MSD

5.6. To plot the ensemble mean or the average overall curves, type the following: (TEXT:  ‘ma.plotMeanMSD’) [5.6.1-SCREEN/LM]. Then change the y- and x-axes from linear to logarithmic scale [5.6.2-SCREEN/LM].  

5.6.1. Talent inputs following text (TEXT:  ‘ma.plotMeanMSD’)

5.6.2. Record as written

5.7. To remove regions of the curve with long lag times or that rise steeply from dynamic error, use the brush tool to select the end of the curve and in the Tools menu, select ‘Brushing’ > ‘Remove Unbrushed’ [5.7.1-SCREEN/LM].
5.7.1. Record as written

5.8. After installing Ezyfit, and restarting MATLAB with the Ezyfit menu in the figure window according to the text protocol [5.8.1-SCREEN/LM], fit the MSD curves to the power law by selecting ‘Show Fit’ > ‘Power’ > ‘a*x^n’ where ‘n’ is the estimated diffusive exponent alpha [5.8.2-SCREEN/LM].  
5.8.1.  Talent finishes restarting MATLAB with Ezyfit menu in the figure window (TEXT: downloadable at http://www.fast.u-psud.fr/ezyfit/)
5.8.2. Record as written
5.9. Then, to calculate new particle MSDs at other locations or time, type ‘clear’ to discard the current particle trajectories and MSDs [5.9.1-SCREEN/LM]. 
5.9.1. Record as written
5.10. After calculating various mean MSD curves for particles in medium and microcolonies and undifferentiated areas of various strains, copy and paste curves into one graph for comparison [5.10.1-SCREEN/LM].
5.10.1. Talent points out the calculations and then copies and pastes curves into a graph for comparison 
5.11. Select the curve and go to ‘Tools’ to look at the data statistics, such as the median range [5.11.1-SCREEN/LM]. The MSD of the bead is proportional to the creep compliance, J(t) of the material in which the bead is embedded according to the relation shown in this formula where J = creep compliance, d = particle diameter, kB = Boltzman’s constant, uppercase T = temperature and lowercase t = time [5.11.2-TEXT ON WHITE BACKGROUND].
5.11.1. Record as written – point out Median range
5.11.2. Editor, for this last sentence, bring in the formula below in a white background overlaid on the program screen (try fading the program screen if it is too busy for the formula).  Point out each component of the formula when mentioned.
TEXT:  [image: image1.png]3nd
MSD(2)

0 = o




6. Results: Particle Tracking in Biofilms
6.1. In these experiments, viscoelastic properties of different biofilm regions of wild type P. aeruginosa and ΔpelA mutant strains, including voids, plains, and microcolonies were investigated [6.1.1-LM].
Please tell me how to pronounce this! I did two takes with some options.
6.1.1. LAB MEDIA Figure 2A and B, Editor, point out the black area surrounding the word ‘void’, the green ‘plain’ area, and the green area around the ‘microcolony’ when mentioned.

6.2. The MSD of particles in the void was used as a control and was comparable to the MSD of particles in pure medium.  In contrast, particles trapped in the biofilm vibrated at fixed positions and MSD values ranged from those typical of viscoelastic materials to strongly elastic gels [6.2.1-LM].
6.2.1. LAB MEDIA Figure 3, Editor, point out the different colored traces near the word ‘medium’ with ‘particles in pure medium.’ Point out the dark blue clusters (microcolonies) at the top of the graph for ‘vibrated at fixed positions.’

6.3. In biofilms formed by the wild type and ΔpelA strains, the MSD of particles in the day 3 microcolonies was independent of time for time lags of 0.1 s to 10 s, indicating that the microcolonies were elastic [6.3.1-LM].
6.3.1. LAB MEDIA Figure 4, Left panel and middle panel.  Editor, point out the green dotted lines near the bottom of each graph for the ‘day 3 microcolonies.’
6.4. The median creep compliances calculated from the corresponding particle MSDs were 4.3 x 10-2 Pa-1 and 3.6 x 10-2 Pa-1 respectively. By day 5 the creep compliance of the microcolonies in the wild-type strain increased to 2.5 x 10-1 Pa-1, indicating a reduction in effective crosslinking within the matrix [6.4.1-LM].
Is there a different way the authors want than “Pa to the negative 1”?  I couldn’t think of any better way to say it, but it seemed weird.
6.4.1. LAB MEDIA Table 1, Editor, point out the values in the right hand column mentioned in the VO (first sentence) for 3 day.  For the second sentence, point out the wild-type, day 5 Median Creep Compliance value.

6.5. Biofilms formed by the ΔpslBCD mutant strain were less differentiated and delayed in development with thick plains that developed microcolonies after day 3 [6.5.1-LM].  From the MSD values the biofilms were much less effectively crosslinked than the wild-type and ΔpelA strains [6.5.2-LM].
6.5.1. LAB MEDIA Figure 2, Editor, point out the bottom panel 

6.5.2. LAB MEDIA Figure 4, all panels; Editor, point out the red dotted line rising with time and the line of orange triangles rising with time.

7. Conclusion (said by authors on camera)

7.1. Su Chew: Sufficient statistics are taken per microdomain when the additional analysis of more videos does not add new information to the values of the MSD curve.

7.2. Joey Yam: It’s important to conduct microrheology using a range of particles that differ in surface chemistry and sizes.

7.3. Joey Yam: Additional experiments may be added to the procedure to investigate how physical forces such as shear, or chemical treatment impacts the rheology of the biofilm.

7.4. Su Chew: Microrheology obtains structural information not easily obtained by other methods at the micrometer scale.
7.5. Joey Yam: After watching this video, you should have a good understanding of how to track particles, analyze their MSDs and obtain the diffusive exponent of biofilms.

7.6. Joey Yam: Don't forget that working with bacterial pathogens can be hazardous and all waste should be autoclaved and disposed of properly.   

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.

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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