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Authors, please fill out the brief questionnaire below.   

1. Brief Questionnaire:

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____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: _Confocal Leica TCS SP5____________________________________________
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 steps by their protocol number. _1.4) 1.7) 2.2) 3.4) 3.6)_________________________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number.____3.6) I will adjust the confocal parameters ahead of time to ensure the live imaging can be properly captured.__________________
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations?  We need two labs that are located in two buildings that are connected to each other (3 min walk). __________________________________________________
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
1. Procedural Narrative:

1.1. The overall goal of this procedure is to characterize biofilm interactions with the surrounding environment using integrated methods. [0.1.1-LM] 
1.1.1. LAB MEDIA: 52602_SchematicOverview.pptx (Slide 1)
1.2. To do this, a double-inlet microfluidic flow cell system is constructed in which glucose- containing and glucose-free media are pumped across a flow cell, generating a glucose gradient. [0.2.1-LM] (VO please emphasize the words that are underlined)
1.2.1. LAB MEDIA: 52602_SchematicOverview.pptx SLIDE 2- Show red arrows pointing in to each of the valves on the left side of the double inlet flow cell.  Then show a red arrow crossing the flow cell toward the outlet port.  Dissolve to the “transverse glucose gradient”
1.3. Bacteria are added to the system, and biofilms are allowed to develop over the course of several days. [0.3.1-LM] The biofilms are then imaged by 3-D confocal microscopy. [0.3.2-JOVE MEDIA]
1.3.1. LAB MEDIA: 52602_SchematicOverview.pptx  SLIDE 1- show the blue line and animate the growing population of bacteria (keep the green arrow indicating glucose gradient, blue arrow indicating bulk flow, and legend with e. coli and P. aeruginosa.

1.3.2. JoVE MEDIA:  Show a microscope illustration
1.4. To characterize solute transport within biofilms, fluorescent tracers are injected into the flow system and time-lapse imaging is performed. [0.4.1-LM]
1.4.1. LAB MEDIA: 52602_SchematicOverview.pptx: Slide 4 (Animate the progression of time shown.)

1.5. To characterize the flow field around biofilm colonies, fluorescent micro-beads are injected and time-lapse imaging is performed. [0.5.1-LM]
1.5.1. LAB MEDIA: 52602_SchematicOverview.pptx: Slide 3 (Microbeads “fall” onto circle with bacteria on it then show the beads marked with arrows move as shown)
1.6. Solute transport and particle tracking analysis of the resulting data demonstrate the utility of this method in assessing biofilm processes under various chemical environments within a single device and in one set of experiments. [0.6.1-LM]
1.6.1. LAB MEDIA: 52602_SchematicOverview.pptx Slide 1
1. Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Xiaobao Li: The main advantage of these methods is that they allow for the simultaneous assessment of multiple aspects of biofilm-environment interactions.  [1.1.1-  Interview style]
1.2. Nanxi Lu:  The methods reported here can help answer key questions about biofilm formation in natural environments, or, in biofilm related infections. [1.2.1- Interview style]
Protocol (read by voice talent at JoVE):
2. Flow cell setup and inoculation. 
2.1. Working in a laminar flow hood, [2.1.1-MED] transfer a colony of P. aeruginosa PAO1-gfp (Pronounced: P-A-O-one-G-F-P) and a colony of E. coli DH5α from an LB plate to separate tubes containing 3 mL of LB broth. [2.1.2-CU-TXT]
2.1.1. P. aeruginosa PAO1-gfp constitutively expresses green fluorescent protein

2.2. Incubate the cultures overnight at 37 °C, while shaking at 225 rpm. [2.2.1-MED]
2.3. This flow system is based around a double-inlet microfluidic cell that facilitates observation of biofilm growth under a well-defined chemical gradient formed by mixing two solutions within the flow chamber. [2.3.1-LM]
2.3.1. LAB MEDIA: 52602_Figure1 (Animation- highlight two downward arrows when “double inlet” is mentioned.  Then, highlight the central numbered rectangle)

2.4. During flow, a smooth concentration gradient is formed in the transverse direction.   As a result of diffusion, the concentration profile is steep near the inlet, and more relaxed downstream. [2.3.1-LM] (VO please emphasize the words that are underlined)
2.4.1. LAB MEDIA: 52602_Figure1 (Animation- highlight the y- direction arrow, then highlight the x arrow)

2.5. On the day of the experiment, carefully assemble the flow system. First, clamp the tubing into the peristaltic pump. [2.5.1-CU-TXT] Then, attach one end of the tubing to a medium bottle containing 900 mL of FAB medium with glucose, and the other end to a bubble trap. [2.5.2-MED] (VO please emphasize the words that are underlined)
2.5.1. TEXT: See the accompanying document for information regarding preparation/sterilization of the system components and medium composition

2.6. Repeat this process to connect a second medium bottle containing 900 mL of FAB without glucose to a second bubble trap. [2.6.1-MED] (VO please emphasize the words that are underlined)
2.7. Next, insert 3-way valves just before the flow cell inlets and connect each of the bubble traps to the flow cell. [2.7.1-MED-TXT] Finally, connect the flow cell outlet to a waste bottle. [2.7.2-CU]
2.7.1. TEXT: Three-ways valves are used for injecting cell culture, fluorescent tracer and microbeads.

2.8. Make sure that the flow cell is placed with the coverslip side down to allow suspended cells to settle onto the coverslip. [2.8.1.-CU]
2.9. After the flow system is assembled, turn on the peristaltic pump at a flow rate of 10 mL/hour for each inlet [2.9.1-MED-TXT] to fill the system with the medium. FAB medium is introduced to the two inlets with glucose provided only in one inlet. [2.9.2-CU]   

2.9.1. TEXT: Pump rate should be calibrated in advance. 

2.10. Next, working in the hood, dilute the two bacterial cultures to a ratio of 1 to 1 in 1 mL of sterile water with an equivalent OD600 of 0.01 for each bacterium. [2.10.1-MED]
2.11. To inoculate the flow cell, use a sterile plastic syringe to inject 500 µL of the inoculum into each of the flow cell inlets via the three-way valve.  [2.11.1-CU] After the injection, stop the pump and allow the bacterial cells to attach to the cover glass for 1 hour. [2.11.2-MED]
2.12. After the cells have attached, set the pump to 0.03 mL/min for each inlet and allow the system to flow for 3 days at room temperature, during which a biofilm develops under a gradient of glucose exposure [2.12.1-CU-TXT]

2.12.1. TEXT: ~22°C

3. Characterizing biofilm development in response to nutrient gradients using confocal microscopy.
3.1. After 3 days have passed, use a marker and a ruler to draw a grid on the cover glass side of the flow cell in preparation for imaging. This will aid in locating the imaging regions. [3.1.1-CU] Filmed two options for this shot. One drawing lights on a flow chamber, the second pointing out where the marks were drawn. Might work best to add text to the screen saying: “Best to add markings prior to flow system assembly.”
3.2. To counterstain for viewing E. coli, first turn out the lights to darken the work area, as the counterstain is light sensitive. [3.2.1-MED] Use a syringe to slowly inject 1 mL of diluted, cell-permeant, red fluorescent nucleic acid stain into the three-way valve upstream of the flow chamber. [3.2.2-CU-TXT]
3.2.1. Talent switches off lights We recommend you put a TXT: The rest of the section will be done in a dark room.
3.2.2. TEXT: It is important to prevent air bubbles from entering the flow path while injecting -- See accompanying document for information on stain preparation

3.3. Stop the flow. Keep the flow cell stagnant, in the dark, for 30 min. [3.3.1-CU-TEXT] 

3.3.1. TEXT:  This step performed under dark conditions

3.4. After 30 minutes have passed, resume the flow at 0.03 mL/min and wash out the unbound stain for 15 min. [3.4.1-CU-TXT] Then, stop the flow and observe the biofilms using confocal microscopy with a 63× objective. [3.4.2-MED]
3.4.1. TEXT:  This step performed under dark conditions

3.4.2. Talent seated at microscope looking through eyepieces or looking at screen

3.5. Find a field of view containing a good amount of biomass, with biofilm colonies that are well separated, as shown here. Then, capture 3-D image stacks in the appropriate channels. [3.5.1-SCREEN] (file: 3.5.1_screen.trec)
3.5.1. SCREEN CAPTURE:  Talent searches as finds an area with a good amount of biomass.  TEXT:  This step performed under dark conditions  

3.6. To map the spatial patterns of biofilm development within the flow cell, image the biofilms at three or more longitudinal or “x” distances along the flow cell inlet, and at three transverse or “y” positions relative to the imposed nutritional gradient. [3.6.1-LM]
3.6.1. LAB MEDIA: Figure 1: Highlight the x axis then highlight the y axis

4. Characterizing internal solute transport by injections of conservative fluorescent tracer.
4.1. To characterize solute transport patterns within the biofilm, begin with the flow cell following 3 days of biofilm development.   Again, working in the dark, stop the pump to pause the flow. [4.1.1-MED]  
4.2. Open the bubble traps to release the injection pressure. Then, use a syringe to inject 1 mL of diluted Cy5 tracer solution into either of the 3-way valves upstream of the flow cell. [4.2.1-CU-TXT]
4.2.1. TEXT:  Choose the valve for injection based on the section of the flow chamber to be imaged 4.2.2/2 is best take.
4.3. After injecting the Cy5 solution, close the bubble traps, adjust the 3-way valve, and restart the pump at 0.03 mL/min to deliver the Cy5 solution into the flow cell. [4.3.1-CU] 4.3.1 -  Don’t use this take!  4.3.1/2 – Best take
4.4. Next, switch the confocal imaging mode to x-y-t with a frame rate of 0.15 Hz. [4.4.1-MED]
4.4.1. Talent seated at the imaging setup, switches the imaging mode to xyt and sets the frame rate. (file: 4.4.1_MED.trec)
4.5. Xiaobao Li: “A high temporal resolution is preferred for visualizing the dye penetration.   However, fast scanning decreases the image quality.   So, set the scanning speed and line average to balance the time resolution of imaging and the image quality.” [4.5.1-MED]
4.5.1. Xiaobao looks up from inputting imaging settings and says the above line. (Xiaobao, please try to emphasize the underlined portions of your statement above) 

4.6. Once the imaging parameters are set, restart the pump to resume the flow at a rate of 0.03 mL/min. Cy5 will be delivered into the flow cell. [4.6.1-CU]  Simultaneously, initiate time-lapse confocal imaging. [4.6.1-SCREEN]
4.6.1. No comment

4.6.2. Talent initiates time lapse imaging 

4.7. Once the time-lapse imaging is complete, perform diffusion analysis according to the instructions in the accompanying document. [4.7.1-MED or LAB MEDIA 52602_SW.docx]
4.7.1. Talent seated at computer performing analysis OR movie file with example of time lapse image (Author insert file name here if you prefer) (Movie 3.avi)
5. Characterizing the surrounding flow field by tracking fluorescent particles.
5.1. To characterize the flow field around biofilms, dilute the fluorescent 1 μm microbeads in sterilized water to a final solid concentration of 0.2% and a final volume of 0.5 mL. [5.1.1-MED] 

5.2. Then, vortex to make sure that the microbeads are well dispersed. [5.2.1-CU]
5.3. Pause the flow, and then inject and deliver the diluted fluorescent microbeads into the flow cell as before. [5.3.1-CU-TEXT] Change the flow rate to 0.01 mL/h.  The low flow rate allows for accurate tracking of the particle path. [5.3.2-CU]
5.3.1. TEXT:  This experiment may be performed following counterstaining or on its own following biofilm establishment.

5.4. Switch the confocal settings to x-y-t mode and instruct the software to track particle movement in one z-slice. [5.4.1-SCREEN] (file: 5.4.1_screen.trec) Capture time-series images as before using a frame rate of 1 Hz. [5.4.1-MEDOTS]
5.5. Repeat the particle injection procedure and image at different z locations.  After completing the imaging, follow the instructions in the accompanying document to calculate flow vectors. [5.5.1-MED or LAB MEDIA]
5.5.1. Talent seated at computer performing analysis OR movie file with example of time lapse image (Author insert file name here if you prefer) (Movie 2.mov, 52602_SW.docx)
6. Representative analysis of bacterial interactions in biofilms under glucose gradients
6.1. To study bacterial interactions in a biofilm under a glucose gradient, P. aeruginosa - gfp and E. coli were differentiated in dual-species biofilms through counterstaining with SYTO 62.

6.1.1. LAB MEDIA: 52602_Figure 1

6.2. Images were acquired in each of the 9 imaging regions on the flow chamber. [6.2.1.- LM] In the overlays shown here, P. aeruginosa –gfp appears green or yellow and E. coli appears red. [6.2.2.- LM]
6.2.1. LAB MEDIA: 52602_Figure 1 (highlight the numbered region on the flow cell)

6.2.2. LAB MEDIA 52602_Figure 3 (Highlight a yellow spot, then highlight a red spot)

6.3. P. aeruginosa dominated biofilm biomass in regions with high glucose concentrations and E. coli dominated in regions with low glucose concentrations. Thus, the two species occupied distinct ecological niches.[6.3.1-LM] (VO please emphasize the words that are underlined)
6.3.1. LAB MEDIA: 52602_Figure 3  (Highlight the upper two  rows of images, then highlight the lower row of images) 

6.4. These results demonstrate the utility of the double-inlet microfluidic flow in studying biofilm development, activity and interactions in complex environments. [6.4.1-LM]
6.4.1. 52602_Figure 3 (alternate take recorded - Alex)

7. Conclusion (said by authors on camera)
7.1. Nanxi Lu: After watching this video, you should have a good understanding of how to use a double-inlet microfluidic flow cell to grow biofilms under chemical gradients and how to obtain environmental parameters for biofilm development using the injections of fluorescent particles or tracers. [7.1.1-Interview style]
7.2. Xiaobao Li:  After the development, these methods paved the way for researchers in the fields of environmental and clinical microbiology to explore complex interactions between microbial communities and their surrounding environment.  [7.2.1 Interview style]
Provided Media
52602_SchematicOverview.pptx (Please rename the Schematic Diagram for JoVE filming: pptx before uploading)

52602_Figure 1

52602_Figure 3  
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


