Submission ID #: 58625 

Editor Name: Melissa Ceo
Videographer name: Natasha Drobnica
Film Date: 9/10/2018
Link: http://www.jove.com/files_upload.php?src=17880673
Authors and Affiliations: Xiaofan Jin, Ingmar H. Riedel-Kruse
Department of Bioengineering, Stanford University

Title: High-resolution Patterned Biofilm Deposition Using pDawn-Ag43
Corresponding Author: 

Ingmar Riedel-Kruse

Department of Bioengineering

Stanford University

Stanford, CA, USA

Email: ingmar@stanford.edu 
Tel: 1 (650) 644 5613

Co-author:

xiaofanj@stanford.edu 
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N  

Can you record movies/images using your own microscope camera? (Y/N) N/A  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 

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.) 2.3, 2.6, 2.9, 3.3, 3.5, 3.6
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.) Steps 2.6 and 2.9 are challenging and important as they involve optimizing the focus and intensity of the projector system, which are critical for ensuring proper illumination of the biofilm sample. To ensure the projector is properly focused relative to the bottom surface of the biofilm sample (Step 2.6), it is helpful to have a dummy biofilm culture plate positioned where the actual biofilm culture plate will later be attached (this is explicitly mentioned as Step 2.5), to facilitate visual inspection of image sharpness while adjusting the focusing knob/dial on the projector. To ensure that the projector illumination intensity is set to the proper level (Step 2.9), it is important to use a properly calibrated photodetector positioned in the illuminated field of view at the incubator ceiling (this is explicitly mentioned as Step 2.8), such that tuning of the illumination intensity made by rotating the adjustable neutral-density filter is accurately measured.
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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
(Editor: Looks like the authors changed their interview statements completely during filming. I’d suggest using only 1.2 and 1.3 as these are closest to the guidelines we give our Scriptwriters)
1.1. Ingmar Riedel-Kruse: We developed an optogenetic method called Biofilm Lithography. The method allows to pattern bacterial biofilms by projecting an image of light onto a surface.

1.2. Ingmar Riedel-Kruse This method will help to answer key questions in the field of bacteria biofilms, for example how spatial structure affect community function. 
1.3. Ingmar Riedel-Kruse: There are many advantages to this method, for example, a high spatial resolutions of 25 um, no surface pre-patterning is required, and it works inside enclosed fluidic chips. 
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.4. Xiaofan Jin: Though this method can provide insight into structure function relationships in natural biofilms, it can also be applied to other areas, such as biofilm engineering, biomaterials, and multicellular synthetic biology.
1.5. Xiaofan Jin: Visual demonstration of this method is critical as there are key preliminary steps to prepare the optical culture setup and bacterial sample prior to biofilm patterning. 
Protocol: (read by voice talent at JoVE)
2. Preparation of pDawn-Ag43 Bacterial Strains and Projector Optical Set-up for Illuminating Bacteria
2.1. First, transform pDawn-Ag43 plasmid into the E. coli strain of interest, and plate onto an LB agar plate supplemented with spectinomycin [1-MED-TXT]. Inoculate a single colony into LB broth with spectinomycin in a culture tube [2-MED-over the shoulder] and grow it to the exponential phase in a shaking incubator at 250 rpm and 37 degrees Celsius [2- MED-over the shoulder] [2.1.3]. 
2.1.1. Talent displays final product of transformation, which is E. coli strain on LB agar plate supplemented with spectinomycin. TEXT: See text for pDawn-Ag43 to E. coli transformation. (Author Comment: Filmed as close-up)
2.1.2. Talent transfers pDawn-Ag43 from agar plate to tube containing broth and places tube in incubator. Show LB broth container label in frame if possible. (Author Comment: Filmed as med, broke up into 2 shots (extra shot for putting into incubator)
2.1.3. [Added Shot]: Talent puts tube in incubator

2.2. After inoculation, prepare a 25 percent glycerol stock of the pDawn-Ag43 transformed strain by mixing 1 milliliter of culture with 1 milliliter of 50 percent sterile glycerol in a cryo-tube [1-MED-over the shoulder]. Store the stock in a minus 80 degrees Celsius freezer [2-MED].
2.2.1. Talent mixes culture and glycerol in cryo-tube.

2.2.2. Talent places cryo-tube containing glycerol stock in freezer.
2.3. Next, begin preparing the optical setup by placing a portable projector at the bottom of a bacterial incubator, with the aperture pointing directly upward at the ceiling, where the biofilm culture chamber will be attached [1-MED-over the shoulder-TXT].  
2.3.1. Talent places projector in incubator and adjusts its position. TEXT: See figure 2.
2.4. Connect a laptop via the display cable to the projector inside the incubator [1-MED].
2.4.1. Talent attaches laptop to projector with display cable.
2.5. Use tape to attach an empty ‘dummy’ culture dish to the ceiling of the incubator [1-MED].
2.5.1. Talent attaches culture dish to ceiling of incubator.
2.6. Adjust the focus on the projector by turning the focusing knob so that the focusing plane coincides with the bottom surface of the biofilm culture dish attached to the ceiling of the incubator [1-MED-over the shoulder]. The projector should illuminate a sharp, non-blurry image onto the bottom of the culture dish [2-CU]. Remove the ‘dummy’ culture dish once the projection has been optimized [3-MED].
2.6.1. Talent turns the focusing knob to adjust the focus of the projector and checks that the focusing plan is in the appropriate position.
2.6.2. Culture dish as talent adjusts focus to show sharp, non-blurry image.

2.6.3. Talent removes culture dish from ceiling of incubator.
2.7. Using laptop software, direct the projector to illuminate the full field of view with maximum blue illumination by presenting a full blue slide [1-MED-over the shoulder]. 
2.7.1. Talent at computer directs the projector to illuminate the full field of view in the software.

2.7.2. [Added Shot]: shows actual projector image turning to blue (note 2.7.1 by contrast shows the change to blue on the software end) (Editor: Depending on what’s in the footage, perhaps we can show 2.7.1 and 2.7.2 together as a side-by-side? If not, I’d use whichever makes the color change seem more clear)
2.8. Measure the illumination intensity of the projector using an optical power meter by placing the photodetector head at the incubator ceiling [1-MED-TXT] and reading the intensity on the corresponding power meter calibrated to 460 nanometers of wavelength light [1-MED-TXT] [2.8.2]. 
2.8.1. Talent places photodetector head at ceiling and reads intensity on power meter. Show power meter reading in frame if possible. TEXT: Calibrate photodetector wavelength before use. (Author Comment: Broke into two shots. first – close-up shot - shows just shows placing photodetector head at ceiling)
2.8.2. [Added Shot]: Second shot (MED) shows reading the power meter

2.9. Next, adjust the illumination intensity using an adjustable neutral density filter placed at the projector aperture [1-MED-over the shoulder]. Rotate the filter to adjust the illumination intensity measured by the power meter, until the illumination intensity in the center of the blue-light projected region reads 50 microwatts per centimeter squared [2-MED]. 
2.9.1. Talent places density filter at projector aperture.

2.9.2. Talent adjusts filter and checks intensity reading on power meter. Show power meter reading in frame is possible.
2.10. Xiaofan Jin: It is important to ensure the illumination intensity is set to the proper level by using a properly calibrated photodetector positioned at the incubator ceiling, so tuning of the illumination intensity made by rotating the adjustable neutral-density filter is accurately measured.
2.10.1. Talent speaks toward the camera, interview style.   
2.11. Now, draw arbitrary patterns using the presentation-projector software on the laptop and display these patterns on the ceiling of the incubator, using the projector [1-MED-over the shoulder].  
2.11.1. Talent at computer draws patterns in the software and advances to a new slide in PowerPoint. 
3. Culturing Patterned Biofilms
3.1. Prior to illumination, streak a pDawn-Ag43 strain from the glycerol stock onto a LB+spec (pronounced L-B plus spec) agar plate [1-MED-over the shoulder]. Allow the colonies to grow overnight at 37 degrees Celsius [2-MED].  
3.1.1. Talent streaks pDawn-Ag43 strain on agar plate.

3.1.2. Talent places agar plate in incubator.
3.2. Inoculate a colony of pDawn-Ag43 bacteria from an agar plate in LB+spec broth [1-MED-over the shoulder] and grow the culture overnight to the stationary phase in a shaking incubator at 250 rpm and 37 degrees Celsius [1-MED-over the shoulder] [3.2.2].
3.2.1. Talent transfers pDawn-Ag43 from agar plate to tube containing broth and places tube in incubator. (Author Comment: Broke into 2 shots)
3.2.2. [Added Shot]: Talent place tube in incubator

3.3. On the following day, subdilute the culture at a ratio of 1 to 1,000 in LB broth with spectinomycin [1-MED].
3.3.1. Talent adds culture to tube containing LB+spec broth.
3.4. Allow the subdiluted culture to grow in a shaking incubator for 6 hours at 250 rpm and 37 degrees Celsius until the late exponential/early stationary phase [1-MED-over the shoulder].
3.4.1. Talent places tube containing culture in incubator.
3.5. Xiaofan Jin: It is important to back-dilute the overnight culture and grow to the late exponential phase prior to illumination, ensuring bacteria are reliably healthy and active when induced. 

3.5.1. Talent speaks toward the camera, interview style.   
3.6. Following incubation, sub-dilute the late-exponential-phase culture at a ratio of 1 to 100 with previously prepared M63 media supplemented with 50 microgram per milliliter spectinomycin [1-MED]. Then, introduce the dilution into a biofilm culture dish [2-MED-over the shoulder].
3.6.1. Talent mixes culture and M63 media in tube. Show M63 media container label in frame if possible.

3.6.2. Talent pipettes dilution into biofilm culture dish.
3.7. As the samples are now ready for illumination, tape the culture dish to the ceiling of the incubator, ensuring that the surface at the bottom of the dish is transparent for illumination from below by the projector [1-MED].
3.7.1. Talent attaches culture dish to ceiling of incubator and checks that it is transparent for illumination.
4. Imaging Patterned Biofilms
4.1. After the overnight growth of the biofilm samples, remove the culture dish from the incubator [1-MED-over the shoulder]. The dish will have biofilm bacteria attached to its bottom surface where it has been illuminated, as well as planktonic bacteria dispersed in the liquid media above [2-CU].
4.1.1. Talent removes culture dish from incubator.

4.1.2. Culture dish as talent points out biofilm bacteria on bottom surface and planktonic bacteria dispersed in liquid media.
4.2. Discard the planktonic cells by removing the liquid media from the culture dish [1-MED-over the shoulder]. 
4.2.1. Talent removes liquid media from culture dish with pipette. 
4.3. Next, rinse the sample 2 times with PBS to remove the remaining planktonic cells by gently pipetting in PBS, followed by aspiration [1-MED-TXT].
4.3.1. Talent adds PBS to culture dish and then removes it. TEXT: See figure 3B.
4.4. If the cells are fluorescently tagged, directly image the samples using fluorescence microscopy [1-MED-over the shoulder].  
4.4.1. Talent places one of the samples under microscope and starts the setup/analysis in the computer software.
5. Results: High-resolution Deposition of Bacterial Biofilms Using pDawn-Ag43
5.1. As seen here, pDawn-Ag43 bacteria were used to generate biofilms patterned in polystyrene well plates with projector illumination. Biofilms can be visualized using crystal violet staining, or alternatively through fluorescence microscopy if using fluorescent bacteria [1-LM]. 
5.1.1. 58625fig4.jpg: Zoom into or emphasize figure A. Highlight projected image at mention of “biofilms patterned in polystyrene well plates with projector illumination”, biofilm stained with crystal violet image at mention of “biofilms can be visualized using crystal violet staining”, and biofilm with RFP+ bacteria image at mention of “alternatively through fluorescence microscopy if using fluorescent bacteria”.
5.2. Fluorescent biofilm samples can also be imaged using confocal microscopy to obtain images of the biofilm in 3-D [1-LM]. 
5.2.1. 58625fig4.jpg: Zoom into or emphasize figure B. 

5.3. High-resolution patterning is possible by using a film photomask to provide patterned illumination to the biofilm sample [1-LM]. 
5.3.1. 58625fig4.jpg: Zoom into or emphasize figure C.

5.4. Examples of patterning on glass and PDMS surfaces, as well as enclosed PDMS culture chambers are shown here and illustrate the different types of environments where pDawn-Ag43 patterning can be applied [1-LM]. 
5.4.1. 58625fig4.jpg: Zoom into or emphasize figure D and E. Highlight figure D at mention of “examples of patterning on glass and PDMS surfaces” and figure E at mention of “as well as enclosed PDMS culture chambers”.
6. Conclusion (said by authors on camera) 
6.1. Xiaofan Jin: While attempting this procedure, it’s important to remember to first transform pDawn-Ag43 plasmid into your strain of interest, then properly focus and calibrate the projector, and finally follow the required culture and back-dilution steps to prepare the bacteria for illumination.
(Editor: It looks like the Scriptwriter dropped the ball a bit here. Looks like this interview statement refers to several different steps instead of just one. I’ve listed them all below).

(“…first transform pDawn-Ag43 plasmid into your strain of interest…” connects to step 2.1)

(“…properly focus and calibrate the projector…” connects to steps 2.6 and 2.9. I’d suggest only showing parts of 2.9 since we can’t show both steps)

(…finally follow the required culture and back-dilution steps to prepare the bacteria for illumination…” connects to steps 3.3, 3.4, and 3.6. I’d suggest showing 3.3 since we can’t show all three steps)
6.2. Ingmar Riedel-Kruse: Following this procedure, other methods such as long-term biofilm growth and monitoring with differing culture conditions can be performed in order to answer questions on how spatial patterning affects biofilm function.
6.3. Ingmar Riedel-Kruse: Additionally, this technique can pave the way for researchers in the fields of synthetic biology and biomaterials research to explore ways of engineering useful biofilms.   
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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