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A.	i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? (Y/N) _Y__ 
	ii) Can you record video of the microscope’s field of view using your own camera? (Y/N) _Y_
	iii) Is the microscope’s field of view shown on a computer? (Y/N) _ Y_  
	vi) Please list make and model of your microscope(s): Olympus IMT-2
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?  
In italics
D.	What is the single most difficult aspect of this procedure and what do you do to ensure success?
Underlined
E.	i) Will the filming need to take place in multiple locations? (Y/N)  No


1. Introduction

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this protocol is to functionally characterize the genes responsible for the twitching motility of bacteria using a nano-microfluidic flow chamber integrated with a time-lapse image recording system. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Hong Lin: This method can help answer key questions about bacterial phenotypes and associated gene functions, such as the twitching motility of the bacteria.
1.2. Hong Lin: The main advantage of this technique is that it provides spatial and temporal observations for aggregation and migration of individual cells and populations.   
1.3. Hong Lin: Demonstrating the procedure will be Dr. Xiangyang Shi, a post doc from my laboratory. 
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):
2. The peripheral fringe of bacterial colony
2.1. Using a standardized deletion strategy, [2.1.1-WID] grow Temecula wild type Xylella fastidiosa, grow pilG deletion mutants and grow the complementary strain, all on PD2 medium agar plates.  [2.1.2-MED] Incubate the bacteria at 28 °C for 5 to 7 days. [2.13-WID]
2.1.1. Establishing shot of talent working at hood
2.1.2. Inoculating plates with the three strains of bacteria listed here, TEXT: Xf wild type, XfΔpliG, XfΔpliG-C, Pierce’s Disease (PD2) PD2 medium.
2.1.3. Loading plates into an incubator
2.2. After growing the colonies, sterilize one centimeter square pieces of cellophane [2.2.1-CU] by autoclaving them in water at 121 °C for 15 minutes. [2.2.2-MED]
2.2.1. cutting squares of cellophane and transferring them to water beaker
2.2.2. wrapping the top of the beaker with foil and applying autoclave tape
2.2.3. Loading the breaker into autoclave.
2.3. Then, pick a piece of sterile cellophane, drain the water off it by touching one corner to an empty plate, [2.3.1-MED] and carefully lay the cellophane over the agar surface. [2.3.2-MED] Let the cellophane air dry as such. [2.3.3-WID]
2.3.1. picking cellophane and touching it dish
2.3.2. setting on agar surface, flattening
2.3.3. [combined with 2.3.2] preparing for the next step, picking colonies
2.4. Next, pick individual Xylella fastidiosa colonies with sterile rounded toothpicks [2.4.1-CU] and spot the cells aseptically onto the dried cellophane.   [2.4.2-ECUCU] All three strains can be spotted on one plate. [2.4.3-ECU]
2.4.1. Picking a colony
2.4.2. Spotting the first colony on cellophane
2.4.3. Spotting the third colony on cellophane, all three colonies visible on cellophane
2.5. Incubate the plate at 28° C for two to three days and, then, [2.5.1-WID] examine the edge morphology of the colonies using a dissecting microscope. [2.5.2-MED] At 20X magnification, photograph the peripheral fringe around five to ten colonies for analysis. [2.5.3-SCOPE Lab Media Image]
2.5.1. Following shot, talent removes agar dish from incubator and takes it to microscope
2.5.2. Focusing on colonies 
2.5.3. View of colony fringes, moving between several sites that should photographs and showing how each photo should be framed be hesitating at good positions showing each photo should be photographed at good positions on the computer screen.
2.5.4. Over the shoulder to shot the images on the computer screen. 
3. Assembling the Microfluidic Flow Chamber
[Narrow]: Use standard protocol to design the microfluidic flow chamber up to 4 channels. 
3.1. For this protocol, fabricate a microfluidic device by photo-lithography. The design includes eight inlets that meet into four parallel channels with four outlets. [LM]
3.1.1. Sup_file_microfluidic_flow_chamber.tif
3.2. Create the devices from a silicon wafer master.  [3.2.1-ECU] Pour unpolymerized PDMS over the wafer and let it cure it at 60 °C for an hour. [3.2.2-CU/TEXT]
3.2.1. The master wafer in detail
3.2.2. Pouring PDMS over wafer to make mold/replica, TEXT: 60 ºC, 1 hr
3.3. Then, peel off the cured PDMS replica [3.3.1-ECU] and trim it into a 22 mm by 40 mm rectangle to match a glass coverslip. [3.3.2-CU]
3.3.1. Film as written
3.3.2. Trimming and show how trimmed PDMS fits coverslip
3.4. Now, expose the replica, the glass coverslip and a larger microscope slide [3.4.1-MED] to air plasma at 30 Watts for two minutes. [3.4.2-CU]
3.4.1. Setting up objects in air plasma chamber
3.4.2. Programming plasma settings and starting cycle
3.5. Once plasma-treated, [3.5.1-MED] sandwich the PDMS body between the glass coverslip and the glass microscope to create the microﬂuidic chamber. [3.5.2-CU]
3.5.1. Removing objects from air plasma chamber
3.5.2. Film as written
3.6. The next step to assembling the device is to drill [3.6.1-MED] 5.5-mm holes through the PDMS at each end of the patterned-channels. [3.6.2-CU]
3.6.1. Preparing to drill the holes, setting up the microﬂuidic chamber at a drill press or similar tool
3.6.2. Drilling the holes
[showing final chamber images]
3.7. Once drilled out, attach a 12 to 20 cm long silicone rubber tube to each hole, [3.7.1-ECU/TEXT] and seal them to the device with unpolymerized PDMS.  [3.7.2=-ECU] Heat the device at 60°C for an hour to solidify the PDMS. [3.7.3-MED]
3.7.1. Film as written, TEXT: 5.1 mm o.d., 2.1 mm i.d., 0.8 mm wall
3.7.2. Adding PDMS sealant
3.7.3. Placing microﬂuidic chamber in oven to cure
3.8. Once cured, connect another end of the tubing to plastic luer connectors. [CU]
3.8.1. Connecting tubes to plastic luers
3.9. Then, wrap the completed microfluidic chamber with foil and autoclave it. [MED/TEXT]
3.9.1. Wrapping with foil and applying autoclave tape, TEXT:  20 min, 121 ºC.
4. Time-lapse Recording of Bacterial Twitching Motility 
4.1. To begin, collect colonies from the three bacterial strains [4.1.1-WID] on the PD2 plates using disposable inoculating loops and PD2 broth.  [4.1.2-MED]
4.1.1. Establishing shot, talent at hood preparing to pick colony from plate
4.1.2. Picking colonies and putting loops in broth tubes
4.2. Adjust the cell densities in each broth to 0.05, [4.2.1-MED] measured at 600 nanometers, and transfer the suspensions to 1 ml Gastight syringes. [4.2.2-CU]  Also, load one syringe with normal broth. [4.2.3-MED]
4.2.1. Taking an OD of a broth
4.2.2. Adjusting broth volume and loading 1 ml into a syringe
4.2.3. Film as written
4.3. Now, mount the microfluidic device on an inverted microscope stage. [4.3.1-MED] Attach a 5 ml Gastight syringe filled with PD2 broth to a pump [4.3.3-MED ECU] and connect an inlet tube to the syringe [4.3.2-CU].
4.3.1. Setting device on stage, positioning accessory items
Switch order of 4.3.2 and 4.3.3
4.3.2. Attaching syringe to an inlet tube
4.3.3. Attaching the broth-loaded syringe to the pump
4.4. Then, connect the outlet tube to a waste reservoir. [CU]
4.4.1. Film as written
4.5. Set the flow from the syringe to 0.2 µL per minute [4.5.1-CU] and let the broth flow through the system for 30 minutes. [4.5.2-MED]
4.5.1. Programming the pump and starting the pump
4.5.2. Talent looks at the chip carefully (with scope) and then starts a timer to countdown 30 min
4.6. Next, connect the side-inlet tubes to a Gastight syringe containing the bacterial cell solution [4.6.1-CU] [4.6.2-MED] and flush the bacterial cell solution through the rubber tubing until the channel is reached. [4.6.2-MED] [4.6.3-CU]
4.6.1. 4.6.2  Connecting side-inlet tube to the suspension-loaded syringe
4.6.2 Removing the broth-loaded syringe from pump and attaching suspension-loaded syringe to pump, starting pump
4.6.3 Flushing the bacterial cell solution through the rubber tubing
4.7 When the suspension is about to enter the device [4.7.1-ECU/SCOPE] adjust the flow to 0.2 µL per minute [4.7.2-CU] [4.7.1-CU] and let the suspension flow for thirty minutes. [4.7.3-MED] [4.7.3-MED]
4.7.1 View of suspension moving through tubing about to enter the channel
4.7.2 4.7.1  Adjusting the flow settings on pump to 0.2 µL / min
4.7.3 4.7.2  Setting a 30 min timer and inspecting the chip via microscope
4.8 Hong Lin: Under a variety of experimental conditions, stabilizing the ﬂow of the currents through the channels is critical to observing the motility of the bacterial cells. The ideal flow speed must thus be arrived at empirically for every condition. [WID]
4.8.1 Interview shot at the bench
4.9 Next, connect a shutter to the microscope [4.9.1-CU] to a computer-interfaced control system. [4.9.2-CU] 
4.9.1 Detail of shutter piece on scope
4.9.2 Attaching shutter piece to computer 
4.10 Also, attach a digital camera to the video port and connect it to the computer. [MED]
4.10.1 Attaching camera to scope video port and connecting camera to computer
4.11 Now, open the time-lapse recording software [4.11.1-MED] and select the “shutter” function from the menu. The installed shutter should be recognized automatically. [4.11.2-LM]
4.11.1 Opening the software packge
4.11.2 To be provided by authors – SCREEN CAPTURE of installing the shutter in the software
4.12 [bookmark: _GoBack]Next, select the “digital camera” function from the menu.  The camera should also be recognized automatically. [LM]
4.12.1 To be provided by authors – SCREEN CAPTURE of installing the camera in the software
4.13 Now, locate the bacterial cells in one of the channels using 20x phase-contrast optics, then increase the magnification using a 40x objective lens.  [SCOPE] [Lab media time-lapse photograph]
4.13.1 Talent observe the microscope
4.13.1 4.13.2 Using the author’s set up, collect footage of locating the channel under phase contrast and zooming into the view which is used to analyze the bacteria
4.14 With the field of view in focus, select the “image acquisition” function using the default parameters from the menu.  Then, open the “Acquire time-lapse” function.  Set the time interval to 30 seconds and set the duration as needed, to between 6 and 24 hours. [LM]
4.14.1 To be provided by authors – SCREEN CAPTURE, show the described actions.
4.15 Now, click “OK” to start the time-lapse recording.   To verify that everything is working correctly, halt the recording after a few minutes and check the saved images.  Then restart the recording and let it run for its duration. [LM]
4.15.1 To be provided by authors – SCREEN CAPTURE, show the described actions.
4.16 Hong Lin: The imaging interval must be adjusted accordingly with the experimental requirements. The value here is optimized for pilus-mediated bacterial cells. [WID]
4.16.1 Interview shot at the bench
4.17 When the recording is completed, click “Stack function” from the menu and select “save as” to stack the images in the destination folder on the computer.  [LM]
4.17.1 To be provided by authors – SCREEN CAPTURE, show the described actions.
4.18 If any of the other channels are set up, continue by imaging them. [4.18.1-CU/MED] The device can contain active bacteria for three days at room temperature. [4.18.2-SCOPE Screen Capture]
4.18.1 show chip setup with multiple channels flowing bacteria, talent working with software then starts working with microscope
4.18.2 moving view of scope from one channel with bacteria to the next channel, also containing bacteria
4.19 Later, compile the time-lapse images into a video file.  Open the “Stack function” from the menu, and select “open stack function”. [LM]
4.19.1 To be provided by authors – SCREEN CAPTURE video of opening the software and loading the stack function
4.20 Then, start the “Make movie” function from the stack module. Select all the images and select the “AVI” output format.  Click on “save as” to store the video file in the destination folder on the computer. [LM]
4.20.1 To be provided by authors – SCREEN CAPTURE video of making the movie and saving the movie to a destination folder
5 Results: Colony Fringe and Twitching Motility of X. fastidiosa  and pilG 
5.1 The presence of a peripheral colony fringe is indicative of type IV pilus-mediated twitching motility.  This was observed in the colonies of Xylella fastidiosa wild-type and the complementary pilG strain. The mutant pilG strain, however, did not have the same morphology.
5.1.1 Fig. 1
5.2 Time-lapse imaging of bacterial cells in nano-microfluidic flow chambers revealed that the twitching motility was observable in wild type Xylella fastidiosa.
5.2.1 Video 1
5.3 By contrast the mutant pilG cells did not exhibit twitching motility.  These cells also formed relatively small, loose aggregates in the PD2 broth.
5.3.1 Video 2
5.4 As expected, twitching motility was observable in the restored complementary strain.  This strain formed large aggregates in the PD2 broth, compared to the small loose aggregates made by the mutant strain.
5.4.1 Video 3
6 Conclusion (said by authors on camera)

6.1 Hong Lin: Once mastered, each experimental set-up can be completes within two to three hours if it is performed properly.
6.2 Hong Lin: While attempting this procedure, it is important to stabilize the ﬂow of the currents through channels at the ideal speed and the to set the image capture interval as needed for the experiment.
6.3 Hong Lin: This method can also be applied to study the effect of antimicrobial drugs on bacterial behaviors, such as cell-cell aggregation, colony and biofilm formation and other virulence-associated factors which can ultimately facilitate the development of compounds to control diseases. 


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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