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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy through a microscope (not on a computer screen attached to a microscope), such as filming a complex dissection or microinjection technique? (N) If yes, please list make and model of your microscope: and specify the steps by number/short description: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y) 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps:  3.4, 3.6, 5.1, 5.2, 5.3, 7.1, 7.2

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to quantify and compare concurrent 3-dimensional distributions of three cellular and extracellular biofilm components after treatment with antibacterial agents. (Intro) 
This is accomplished first by fabricating and then polishing resin composite specimens. (P1) 
In the second step, the biofilms of interest are grown on the specimens and then treated with antibacterial agents. (P2)
Next, the biofilms are stained with fluorochromes for extracellular polymeric substances, nucleic acids, and proteins, and then imaged by confocal laser scanning microscopy. (P3) 
In the final step, 3-dimensional images of the overlaid fluorochromes are reconstructed to facilitate the concurrent visualization of the biofilm components, and structural parameters are calculated from the biofilm images. (P4) 
Ultimately, statistical analysis of the biofilm structural parameters, such as biovolume and mean biofilm thickness, can be performed to compare differences between the treatment and control groups. (P5)
(P1) with “by first setting” use 2.1.2. (composite being poured into mold); with “polishing .. specimens” use 2.2.3. (composite being polished)
(P2) with “biofilms … specimens” use 3.3.2. (culture being added to well); with treated … agents” use 4.1.2. (Talent adding mouthwash)
(P3) with “stained … proteins” use 5.2.3. (syto 9 being added); with “and then … microscopy” use 6.3.2. (Talent at microscope)
(P4) 7.1.2. (3D image being reconstructed)
(P5) Khajotia JoVE Table2.tiff
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please also use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Sharukh Khajotia: The main advantage of this technique over existing methods is that this technique uses distinct but interconnected procedures to characterize the distribution of multiple components within the structure of biofilms grown under specific conditions.

1.2. Sharukh Khajotia: Demonstrating the procedure will be Dr. Fernando Florez, a Post-doctoral Fellow, and Ms. Kristin Smart, a Research Assistant from my laboratory.

1.2.1. Interview style: Author saying the above 

1.2.2. Wide: Fernando looks up from workbench or desk or microscope and acknowledges the camera.
1.2.3. Added shot: Wide: Kristin looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Specimen Fabrication
2.1. To create the specimens, begin by placing one increment of Point 4 or TPH3 (Pronounce: T-P-H-three) dental resin composite into custom-made, stainless steel, disk-shaped molds.
2.1.1. WIDE: Few seconds of Talent placing resin composite into one mold

2.1.2. CU: Few seconds of first increment of resin composite being deposited into mold

2.2. Next, polymerize the first increment with an LED light-curing unit for 40 seconds. After repeating the procedure for the second increment, use a semi-automated grinder-polisher to polish the cured specimens to an acceptable final surface finish. 
2.2.1. MED: Talent places mold under LED light-curing unit 
2.2.1-B.
Added shot: CU: Few seconds of second increment of resin composite being deposited into mold
2.2.1-C.
Added shot: CU: Few seconds of second increment of resin composite being polymerized by LED light-curing unit
2.2.2. MED: Few seconds Talent polishing specimen

2.2.3. CU: Few seconds of specimen being polished (TEXT: Point 4/TPH3 have different compositions/filler levels/surface topographies)
2.2.4.
Added shot: CU: Polished specimens
2.3. Finally, sterilize the specimens.

2.3.1. MED: Few seconds of Talent using ethylene oxide to sterilize at least one specimen CU: sterile specimens in pouch
3. Biofilm Growth

3.1. To grow the biofilm, first inoculate a single colony of S. mutans in 4 ml of overnight culture medium and then incubate the culture at 37° C for 16-18 hours to achieve an optical density greater than or equal to 0.9.  
3.1.1. WIDE: Talent inoculates S. mutans in overnight culture medium (TEXT: Use colony from x2 passaged culture for consistent biofilm growth)

3.1.2. MED: Talent places culture in incubator at 37°C

3.1.3. CU: Tube of overnight culture medium
3.1.4.
Added shot: CU: Spectrophotometer read out of ~0.9
3.2. Next, dilute the culture at a 1:100 ratio in 10 ml of biofilm growth medium. 
3.2.1. MED: Few seconds of Talent diluting culture
3.3. Aseptically transfer the sterile resin composite specimens to sterile 12-well plates and then add 2.5 ml of the diluted culture to each of the wells for mouthwash treatment and control groups.
3.3.1. MED – over the shoulder: Talent transferring at least one specimen to a 12 well plate

3.3.2. CU: Culture being added to a few wells
3.4. Add 2.5 ml of sterile uninoculated biofilm growth medium to the control wells and then grow the biofilms at 37°C under microaerophilic conditions on a shaker at 100 rpm.
3.4.1. CU: Growth medium being added to a few wells

3.4.2. MED: Talent placing plate on shaker in incubator (TEXT: 24 hrs, 37° C, 100 rpm)

3.5. After 24 hours, aseptically aspirate the medium from all the wells and wash each well twice with 2.5 ml of sterile PBS, aspirating the saline after each wash. 
3.5.1. MED: Talent aspirating medium from at least one well

3.5.2. MED: Talent adding PBS to at least one well

3.5.3. CU: Last few seconds of PBS being removed from at least one well
3.6. Then replenish each well with 2.5 ml of fresh biofilm growth media and incubate the plate for an additional 24 hours as just demonstrated for a total biofilm growth duration of 48 hours.
3.6.1. MED: Talent adds growth medium to at least last well

3.6.2. CU: Plate being placed on shaker in incubator (TEXT: 24 hr, 37° C, 100 rpm)

4. Anti-bacterial/Mouthwash Treatments

4.1. After the biofilm growth is complete, aspirate the growth media and then dispense 2.5 ml of mouthwash into each treatment group well and 2.5 ml of sterile ultrapure water into the control group well. 

4.1.1. WIDE: Talent aspirating growth medium from at least one well

4.1.2. MED: Talent adds at least one mouthwash to at least one well, with labeled containers in frame if possible (TEXT: e.g., Biotène PBF or Listerine Total Care) 
4.1.3. MED: Talent adds water to control well

4.2. Agitate the plates on an orbital shaker at 150 rpm, and then, after 60 seconds, immediately aspirate both the mouthwash and ultrapure water from the wells.
4.2.1. CU: Few seconds of plate being agitated on orbital shaker (TEXT: 60 s, 150 rpm)
4.2.2. CU: Last few seconds of mouthwash being aspirated from at least one well

4.2.3. CU: Last few seconds of water being aspirated from at least one well
5. Staining

5.1. To stain the exopolysaccharide component of the biofilms, incubate each biofilm with 50 (l of alexa fluor conjugate for 30 minutes at room temperature protected from light. 
5.1.1. WIDE: Talent adding alexa fluor to at least one well (TEXT: Alexa fluor, 30 min)

5.1.2. MED: Talent covering plate/protecting plate from light
5.2. Then wash the specimens two times with 2.5 ml of TC buffer, aspirating after each wash, and stain the nucleic acids in each biofilm with a 50 (l drop of syto 9 for 30 minutes at room temperature protected from light. 
5.2.1. MED: Talent adding TC buffer to at least one well

5.2.2. CU: Last few seconds of buffer being aspirated

5.2.3. CU: Syto 9 being added to at least one well with syto 9 container/label in frame if possible (TEXT: Syto 9, 30 min)

5.2.4. CU: Shot of covered/protected plate at RT
5.3. After washing the specimens twice, stain the protein components in each biofilm with 50 (l of sypro red for 30 minutes at room temperature protected from light.
5.3.1. CU: Last few seconds of water being aspirated from one well (TEXT: 2.5 ml ultrapure water/well x2)

5.3.2. MED: Talent adds sypro red to last well with sypro red container/label in frame if possible, then covers/protects plate (TEXT: Sypro red, 30 min)
5.4. After washing the specimens three times, transfer them to individual wells of a 6-well plate containing 6 ml of sterile ultrapure water per well to facilitate their visualization by confocal microscopy.
5.4.1. MED – over the shoulder: Talent aspirates water into waste container (TEXT: 2.5 ml ultrapure water/well x3), then transfers at least one specimen from 12 well plate to 6 well plate
6. Imaging Using Confocal Laser Scanning Microscopy

6.1. To acquire images of each of the component stains within the biofilms of the treatment and control groups, set the lasers of a confocal laser scanning microscope to the following settings: 
6.1.1. WIDE: Talent enters frame and sits down at microscope and begins to modify settings (Videographer: Get shots at a few different angles)
6.2. For the detection of exopolysaccharides by alexa fluor conjugate stain, use a 633 nm laser and a 659-749 nm emission band.  For the detection of nucleic acids by syto 9 stain, use a 488 nm laser and a 495-500 nm emission band.  And for the detection of proteins by sypro red stain, use a 543 nm laser and a 615-651 nm emission band.

6.2.1. LAB MEDIA: Khajotia JoVE Table1.tiff 

(Video Editor: with “exopolysaccharides” please highlight the “EPS” cell; 

with  “alexa fluor conjugate stain” please highlight the “AF” cell; 

with “use a 633 nm laser” please highlight the “633” cell; 

with “and a 659-749 nm emission band” please highlight the “659-749” cell; 

with “detection … acids” please highlight the “nucleic acids” cell; 

with “by syto 9 stain” please highlight the “SY” cell; 

with “488 nm laser” please highlight the “488” cell; 

with “a 495-500 … band” please highlight the “495-500” cell; 

with “detection of proteins” please highlight the “proteins” cell; 

with “sypro red stain” please highlight the “SR” cell; 

with “543 nm laser” please highlight the “543” cell; 

with “615 …. band” please highlight the “615-651” cell)
6.3. Then, using a 63x dipping lens with a 0.9 numerical aperture and a working distance of 2.2 mm, collect confocal laser scanning microscopy images at 400 Hz using sequential scanning in the “between stacks” mode to optimize the capture of images of multiple stains within the same biofilm.
6.3.1. WIDE/MED/CU: Shot of microscope (Videographer: Please get several shots of scope at various angles) (Video Editor: If possible, when mentioned, please indicate the 63x dipping lens with “63x dipping lens” text and accompanying arrow, the 0.9 numerical aperture with “0.9 numerical aperture” text and accompanying arrow, and possibly indicate the working distance with a double-headed arrow indicating the distance accompanied by “2.2 mm” text)
6.3.2. MED: Talent at microscope, looking at specimens, possibly monitor with specimen image in frame

6.3.3. SCREEN: Few seconds “between stacks” mode being selected and then of at least one image being collected/scanned
7. Biofilm Structural Analysis and Visualization
7.1. After analyzing the confocal laser scanning microscopy images, use the 3D Renderer menu option in Volocity image analysis software to create a reconstructed 3D image of the overlaid component stains within each biofilm. 
7.1.1. WIDE: Few seconds Talent sitting at computer, analyzing image(s)

7.1.2. SCREEN: ~10 s of 3D renderer being selected and 3D image being constructed of one biofilm
7.2. Next, rotate the 3D image until all the biofilms are in a similar orientation with regard to the x, y and z coordinate axes. Then capture a snapshot of the biofilm reconstruction and export the snapshot in a suitable image file format. 
7.2.1. SCREEN: Last few seconds of at least one 3D image being rotated until all biofilms are oriented in same manner

7.2.2. SCREEN: Snapshot being captured

7.2.3. SCREEN: Few seconds of image file being saved/exported
7.3. Finally, perform a visual analysis of the concurrent distribution of the exopolysaccharide, nucleic acid, and protein components within the biofilms in the reconstructed images.
7.3.1. SCREEN: Few seconds of image showing exopolysaccharides, nucleic acids and proteins within biofilms in the reconstructed image OR Khajotia JoVE Figure2.tif 
7.4. Calculate biofilm structural parameters such as biovolume and mean biofilm thickness using ISA3D software.
7.4.1.
SCREEN: ISA3D program dialog box and parameter settings
7.4.2.
SCREEN: ISA3D results file
8. Results: Representative biofilm component staining for mouthwash treatment and control groups
8.1. In this table, the mean and standard deviation values of biofilm structural parameters calculated using statistical analysis software are displayed. The mean and standard deviation values for the structural parameters of the biofilms treated with mouthwash that differed significantly from those of the biofilms in the control group are highlighted in red. 
8.1.1. LAB MEDIA: Khajotia JoVE Table 2.tiff 
[Video Editor: with “biovolume” please highlight the “BV ((m3)” columns; 

with “mean biofilm thickness” please highlight the “MT ((m)” columns; 

with “the structural parameters of the biofilms treated with mouthwash” please indicate/further highlight the red cells in the Biotene PBF and  Listerine Total Care data rows;

with “from those of the biofilms in the control group” please highlight the data cells (from left BV column to right MT column) in the Control (untreated) rows]
8.2. Mixed model statistical analyses demonstrated that the Biotene PBF mouthwash produced biofilm structures that differed significantly from the control group on both resin composites, whereas Listerine Total Care mouthwash did not produce significant differences on either resin composite, clearly indicating differences in the cellular and extracellular biofilm components remaining after the two mouthwash treatments. 
8.2.1. LAB MEDIA: Khajotia JoVE Table 2.tiff 
(Video Editor: with “Biotene PBF .. differed significantly” please outline the Biotene PBF data [from left BV column to right MT column] and again highlight the red cells; 
with “from the control group on both resin composites” please outline the control (untreated) data [from left BV column to right MT column]; 
with “whereas .. on either resin composite” please outline the Listerine Total care data [from left BV column to right MT column])
8.3. The concurrent distribution of exopolysaccharides, nucleic acids and proteins within the biofilms can be visualized via 3-D reconstructions generated using Volocity software. In this figure, a representative reconstruction of control group biofilms grown on Point 4 is shown. The blue color was assigned to exopolysaccharide within S. mutans biofilms, the green color was assigned to nucleic acids, and the red color to proteins. The intervening space may be occupied by water or other biofilm components that have not been fluorescently labeled.

8.3.1. LAB MEDIA: Khajotia JoVE Figure1.tif 

(Video Editor: with “the blue color .. biofilms” please highlight the blue areas; 

with “the green color .. acids” please highlight the green areas; 

with “the red color to proteins” please highlight any red areas)

8.4. In this figure, a representative reconstruction of control group biofilms grown on TPH3 resin composites, with the colors representing the same components as the previous figure, is shown.
8.4.1. LAB MEDIA: Khajotia JoVE Figure2.tif (Video Editor: with “colors .. is shown” please add arrows pointing to at least one blue, one green, and one red area accompanied by “Exopolysaccharides”, “Nucleic Acids”, and “Proteins” texts, respectively) 
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/index/Details.stp?ID=1597
9. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
9.1. Sharukh Khajotia: This procedure has a broad application in a variety of disciplines, including the medical, dental, geological and marine sciences, as many substrates and biofilm growth assays of interest can be substituted for the ones used here.
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, 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.  

6.2.1 - Khajotia JoVE Table1.tif

8.1.1 - Khajotia JoVE Table2. tif

8.3.1 - Khajotia JoVE Figure1.tif

8.4.1 - Khajotia JoVE Figure2.tif

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.
( 2011, Journal of Visualized Experiments


