Submission ID #: 53243
Editor Name:  Linda DiBella
Videographer name:

Film Date: 

Authors and Affiliations: 

1Department of Biochemistry, 

Yong Loo Lin School of Medicine, 

National University of Singapore, 

Singapore

 2 Department of Chemistry,

University of Utah, Salt Lake City, Utah

3 Synthetic Biology Research Consortium, 

National University of Singapore, 

Singapore
Song Buck Tay: bchtsbt@nus.edu.sg
Jeng Yeong Chow: jengyeong@chem.utah.edu
Maybelle Kho Go: bchmdkg@nus.edu.sg
Wen Shan Yew: bchyws@nus.edu.sg
Title: Anti-Virulent Disruption of Pathogenic Biofilms Using Engineered Quorum-Quenching Lactonases

Corresponding Author:  Wen Shan Yew
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)_N_ 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.)  2.5.- 2.7, 3.5 – 3.7
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.) _ The more challenging aspect of this procedure lies with washing steps to remove planktonic cells while keeping the biofilm that forms between the air and liquid interface intact. Section (2.5 – 2.6) and (3.5 – 3.6) Positioning the pipette tip at the bottom of the well and gently removing any liquid media would ensure minimal perturbations to the biofilms.
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? Two different levels of the same building.
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 experiment is to demonstrate the efficacy of quorum-quenching enzymes in bacterial biofilm disruption. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Maybelle Go: This method can help answer key questions in the field of anti-bacterial therapeutics and to help understand the effect of quorum-quenching lactonases on pathogenic bacteria within a biofilm environment. 
1.2. Maybelle Go: The main advantage of this technique is that quorum-quenching lactonases may be added directly onto an in vitro system. Thus, its effects on biofilm disruption are easily quantitated.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Maybelle Go: Demonstrating the procedure will be Terence Tay, a technician in my lab. 

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. Crystal Violet Quantitation of Biofilm Formation in A. baumannii S1
2.1. To begin, grow a 5 mL culture of A. baumannii S1 in LB [2.1.1-WIDE] at 30°C in a shaking incubator for 16 hours [2.1.2-WIDE/MED-TXT].
2.1.1. Talent at bench inoculating LB with A. baumannii culture
2.1.2. Talent places culture into incubator and starts shaking (TEXT: 200 rpm)
2.2. Adjust the culture to an OD600 of 0.8 [2.2.1-MED/CU].  Then use fresh LB containing 4 mg/mL of purified GKL enzyme to dilute the culture 1:100 [2.2.2-CU] and add 100 ul to the wells of a 96 well plate [2.2.3-CU-TXT].  
2.2.1. Talent adds LB to culture and checks in spectrophotometer
2.2.2. Film as written

2.2.3. Film as written (TEXT: prepare control cultures w/o enzyme)
2.3. Use the lids to cover the plates [2.3.1-CU] and place them into a 10 liter plastic container [2.3.2-MED/CU].  Seal the container and incubate at 30 degrees C for 3 hours [2.3.3-WIDE/MED] before gently removing the medium [2.3.4-MED/CU].
2.3.1. Film as written

2.3.2. Film as written

2.3.3. Talent places container into incubator

2.3.4. Talent gently removes medium from a plate

2.4. Add another 100 ul of fresh LB medium to the wells [2.4.1-CU] and incubate the plate at 30°C for 21 hours [2.4.2-WIDE].
2.4.1. Film as written

2.4.2. Talent places plate into incubator (same shot as 2.3.3)
2.5. After gently removing the medium, use 200 ul of sterile water to gently wash the planktonic bacteria cells [2.5.1-CU].
2.5.1. Talent finishes removing medium and adds sterile water to wash cells  

2.6. Maybelle Go: Position the pipette tip at the bottom of the well and carefully remove the liquid medium to ensure minimal perturbations to the biofilms that form between the air and liquid interface [2.6.1-INTERVIEW].
2.6.1. INTERVIEW of talent saying the above looking away from the camera documentary style.

2.7. Then add 100 ul of 1% crystal violet solution to each well [2.7.1-CU] and incubate for 15 minutes at room temperature [2.7.2-MED/CU].  Remove the crystal violet solution by using 200 ul of sterile water to wash the wells 3 times [2.7.3-CU].
2.7.1. Film as written

2.7.2. Talent covers plates and sets timer

2.7.3. Talent adds water to wells to wash

2.8. Add 100 ul of 33% acetic acid to each well [2.8.1-CU] and incubate with gentle shaking for 15 minutes to dissolve the dye [2.8.2-WIDE/MED].
2.8.1. Film as written

2.8.2. Talent places plate on shaker

2.9. Quantitate the amount of biofilm by measuring the absorbance of crystal violet at 600 nm [2.9.1-MED/CU].  The amount of crystal violet is proportional to the amount of biofilm formed [2.9.2-LM].  

2.9.1. Talent measures absorbance of crystal violet in a sample

2.9.2. LAB MEDIA Figure 1, Editor, use arrows and the text ‘More biofilm’ for the high bars on the graph and then ‘Less biofilm’ for the lower bars on the graph
3. Confocal Laser Scanning Microscopy of A. baumannii S1 Biofilms
3.1. To carry out confocal laser scanning microscopy, or CLSM of A. baumannii S1 biofilms, grow a 5 ml culture of A. baumannii S1 in LB [3.1.1-MED] at 30°C in a shaking incubator for 16 hours [3.1.2-WIDE].
3.1.1. Talent inoculates LB with culture (same shot as 2.1.1)
3.1.2. Talent places culture into incubator (same shot as 2.1.2)
3.2. Adjust the culture of A. baumanii S1 to an OD600 of 0.8 [3.2.1-MED/CU].  Then use fresh LB containing 1.2 mg/ml of purified GKL enzyme to dilute the culture 1:100 [3.2.2-CU] and add 1 ml to a 35 mm glass bottomed μ-Dish [3.2.3-CU].
3.2.1. Talent adds LB to culture to adjust to 0.8 (same shot as 2.2.1)
3.2.2. Talent dilutes culture to 1:100 with enzyme in LB (same shot as 2.2.2)
3.2.3. Film as written
3.3. Cover the μ-Dish with a lid and place it in a 10 L plastic container and seal it [3.3.1-CU] before incubating the dish at 30°C for 3 hours [3.3.2-WIDE].   
3.3.1. Film as written
3.3.2. Talent places dish at 30 degrees C; B need another version for 3.4.3 below
3.4.  After gently removing the medium [3.4.1-CU], add 1 ml of fresh medium containing 30 ul of purified GKL enzyme [3.4.2-CU].  Then incubate at 30°C for another 21 hours [3.4.3-WIDE]
3.4.1. Talent finishes removing medium
3.4.2. Film as written (same shot as 3.2.3)
3.4.3. Use 3.3.2B here (same shot as 3.2.2)
3.5. Gently remove the medium a second time [3.5.1-FF] and replace with another 1 ml of GKL enzyme in fresh medium [3.5.2-FF].  Incubate at 30°C for 24 hours [3.5.3-FF].
3.5.1. FREEZE FRAME from 3.4.1 of talent removing medium

3.5.2. FREEZE FRAME from 3.4.2 of talent adding medium with GKL enzyme; Editor, place side by side with 3.5.1 when mentioned

3.5.3. FREEZE FRAME from 3.3.2 of talent placing dish into incubator 

3.6. After the incubation, gently remove the medium and add 500 ul of 5 ug/ml of Alexa Fluor 488-conjugated wheat germ agglutinin dissolved in HBSS [3.6.1-CU].  Incubate the μ-Dish at 37°C for 30 minutes to stain the biofilms [3.6.2-WIDE].
3.6.1. Talent adds Alexa Fluor from labeled container
3.6.2. Talent places dish at 37 degrees C; B need another version for 3.7.2 below
3.7. To fix the biofilms, add 500 ul of 3.7% formaldehyde dissolved in HBSS [3.7.1-CU] and incubate at 37°C for 30 minutes [3.7.2-WIDE].  Use 2 ml of HBSS to wash the µ-Dish once, then remove the solution completely [3.7.3-CU].  Store the dish in the dark at 4°C prior to CLSM imaging [3.7.4-WIDE/MED].
3.7.1. Film as written
3.7.2. Use 3.6.2B here (same shot as 3.6.2)
3.7.3. Talent finishes washing dish and then removes solution
3.7.4. Talent places covered dish at 4 degrees C
3.8. For CLSM imaging and analysis, use a 63X objective to generate 97 stacks per image with an interval of 0.21 microns per stack [3.8.1-LM].
3.8.1. LAB MEDIA Figure 2, Editor, use panel A here 
4. Results: Pathogenic Biofilm Disruption
4.1. In the crystal violet quantitation experiment, wild type GKL and an improved GKL double mutant quorum quenching enzyme were used for lactonase activity against 3-hydroxy-decanoyl-L-homoserine lactone, or 3-OH-C10-HSL, the major quorum molecule used by A. baumannii S1.  As shown here, both enzymes were able to significantly reduce biofilms formation in pretreated wild type A. baumannii S1 [4.1.1-LM]. 
4.1.1. LAB MEDIA Figure 1, Editor, for ‘As shown here…’ point out the GLK and E101G/R230C blue columns in the graph.
4.2. The extent of biofilms disruption by both enzymes is not proportional to their efficacy against 3-OH-C10-HSL.  As seen in this table, the turnover rate of the mutant GKL is six times faster than wild type GKL against 3-OH-C10-HSL.  However, the difference in the extent of biofilms disruption between the enzymes is only two fold [4.2.1-LM].
4.2.1. LAB MEDIA Enzyme Catalytic Efficiency table.tif, Editor, place next to or underneath Figure 1.  For the second sentence, point out the row for 3-OH-C10-HSL in the table.  For the last sentence, point out in Figure 1, the GKL and E101G/R230C blue bars in the graph.
4.3. In this experiment, the improved GKL mutant enzyme and its catalytically inactive enzyme were used for comparison.  This DIC image shows that treatment with the improved GKL mutant enzyme resulted in a decrease in biofilms size compared to the inactive enzyme [4.3.1-LM].  

4.3.1. LAB MEDIA Figure 2A and B, left hand panels, Editor, point out the size of the solid gray surface in B for the improved GKL enzyme compared to A for the inactive enzyme.
4.4. Analysis of the fluorescence images also revealed that there was a reduction in surface area, biomass, and average thickness of biofilms when treated with the improved GKL mutant enzyme [4.4.1-LM].

4.4.1. LAB MEDIA Figure 2A and B, add in the right hand, fluorescent panels, and Table 1.  Editor, for ‘there was a reduction in surface…’ point out the values for each under the ‘Treatment with E101G/R230C mutant’ column in Table 1.
5. Conclusion (said by authors on camera)

5.1. Maybelle Go: Once mastered, this technique can be done in 3 to 4 hours, excluding incubation time if it is performed properly.

5.2. Maybelle Go: While attempting this procedure, it’s important to remember to minimize removal and/or disruption of biofilm during the washing steps.

5.3. Maybelle Go: Following this procedure, other methods like cell counting and enzyme stability assays can be performed in order to answer additional questions like the effects of quorum-quenching lactonases on cell population within the biofilm as well as their duration of action.

5.4. Maybelle Go: After its development, this technique paved the way for researchers in the field of infectious disease treatment to explore the efficacy of potential quorum-quenching lactonases in the biofilm disruption produced by pathogenic bacteria.
5.5. Maybelle Go: After watching this video, you should have a good understanding of how to quantify biofilm disruption by crystal violet staining and assess the morphological changes in biofilm by confocal imaging.

5.6. Maybelle Go: Don't forget that working with pathogenic bacteria can be extremely hazardous and precautions such as using proper biological risk containment facilities should always be taken while performing this procedure.   

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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