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A.  Will you require JoVE to record video microscopy through a microscope? N 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? 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? 4, 6, 8, 9

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  8.8 injection of coelenterazine

E. Will the filming need to take place in multiple locations? Y, 5 km apart

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to validate the use of a luciferase expressing strain for the non-invasive monitoring of in vivo biofilm formation by Candida albicans cells. (Intro) This is achieved by implanting catheter fragments colonized with a luciferase expressing strain of Candida albicans into the back of a mouse. (C1) During the second step, the yeast is allowed to grow into a thick layer of cells embedded within an extracellular matrix generating a mature biofilm on the inside of the catheters. (C2) Next, a substrate is added that will be converted by the luciferase enzyme.  This reaction produces measureable light. (C3) Bioluminescent imaging, or B-L-I, is then used to record and quantify the formation of the biofilm within the living host. (C4)
No schematic provided; suggested animation instead

From Conceptual narrative.pptx

(C1) from C1, show one beige catheter piece, then have green yeast appear and have red/yellow luciferase molecules attach to yeast (or have yeast appear already labeled) and have yeast enter catheter, then have catheter shrink and slip into back of mouse (like C2)
(C2) zoom into catheter and have yeast begin to grow and fill inside of catheter like C3 graphic
(C3) have syringe appear and “inject” catheter with substrate, then have yellow bulbs of luciferase molecules “brighten”/flash/other “light up” animation

(C4) fig4.tif (with: “record” please highlight the bottom images; with “quantify” please highlight the graphs)

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Patrick Van Dijck: The main advantage of this technique over existing methods, like the central venous catheter method, is that with our technique we can test up to 6 individual biofilms in one mouse, greatly reducing the number of animals required for performing statistical analysis.   (take 2)
1.2. Sona Kucharikova: The implications of this technique extend toward the therapy of Candida albicans biofilms, as our method allows the easy testing of existing and novel antifungal compounds.   (take 3)
1.3. Uwe Himmelreich: Although this method can provide insight into Candida albicans fungal biofilms, it can also be applied to other microbes like bacterial or other fungal species. (called 6.3)
1.4. Greetje Vande Velde: The proposed procedures are easy to implement in any laboratory that has access to an animal facility.

1.5. Sona Kucharikova: Demonstrating the catheter and catheter implant procedures will be a postdoc from the laboratory of Prof. Patrick Van Dijck. 

1.5.1. Interview style: Author saying the above 

1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

1.6. Greetje Vande Velde: Demonstrating the coelenterazine addition and bioluminescence measurement procedures will be a postdoc of the MoSAIC small animal imaging facility. 

1.6.1. Interview style: Author saying the above 

1.6.2. 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. Ex vivo C. albicans adhesion on fetal bovine serum (FBS)-coated polyurethane substrates
2.1. Twenty-four hours prior to the surgical procedure, open the package containing the triple-lumen catheters within a biological safety cabinet. 
2.1.1. WIDE: Few seconds Talent opening catheter package in biosafety cabinet
2.2. Use sterile tweezers to remove all of the unnecessary parts and a sterile scalpel to cut the part attached to the catheter. 
2.2.1. MED – over the shoulder: Few seconds Talent removing unnecessary parts

2.2.2. CU: Shot of part attached to catheter being cut with scalpel
2.3. Then place a ruler under the plastic package and cut the polyurethane catheter into 1 cm long pieces. 
2.3.1. CU: Ruler placed/being placed under plastic package and cut
2.3.2. CU: Few seconds at least one 1 cm piece being cut
2.4. Next, fill each catheter with approximately 1.8 ml of 100% fetal bovine serum and incubate the pieces at 37°C overnight.
2.4.1. CU: At least one piece being filled with FBS
2.4.2. MED: Talent placing piece(s) at 37°C
2.5. The next morning, transfer each serum-coated catheter piece into individual 1.5 ml microcentrifuge tubes and scrape C. albicans from a YPD plate into 1 ml of PBS in a separate microcentrifuge tube at a 1:100 dilution.
2.5.1. MED: Talent placing at least one piece into at least one tube
2.5.2. MED: Few seconds Talent scraping yeast into tube (TEXT: YPD: yeast extract peptone dextrose)
2.6. After counting, dilute the cell suspension to a final concentration of 5x104 cells/ml and add 1 ml of cells to each of the serum-coated catheter pieces.
2.6.1. MED: Talent diluting yeast cells (no take 1)
2.6.2. CU: Few seconds yeast being added to at least one catheter
2.7. Allow the cells to adhere to the catheters for 90 minutes at 37°C. 
2.7.1. CU: Catheter(s) being placed at 37°C (see 2.4.2)
2.8. Then, holding the tubes in a vertical position with sterile tweezers, gently flush each piece through the lumen twice with 1 ml of PBS.
2.8.1. CU: Shot of one catheter held with tweezers, then few seconds PBS being flushed at least one time through lumen
3. Animal surgery 
3.1. To place the catheters, begin by shaving the lower back of an 8 week old, female anesthetized mouse positioned on a heating pad.
3.1.1. WIDE: Few seconds Talent shaving mouse (Videographer: More Talent than mouse in shot) [TEXT: Anesthesia: ketamine (100 mg/ml) medetomidine (1 mg/ml)] 
3.2. Then disinfect the skin and make one small 0.5-1 cm incision on each side of the animal.
3.2.1. CU: Shot of just shaved area, few seconds skin being disinfected (TEXT: e.g., with 1% iodine isopropanol/0.5% chlorhexidine in 70% EtOH), 
3.2.2. CU: Few seconds at least second incision being made
3.3. Next, dissect the subcutis with scissors to create two subcutaneous tunnels ~1.5 cm long and 1 cm wide. 
3.3.1. CU: Few seconds at least one subcutaneous tunnel being made
3.4. Insert 3 catheter pieces into each tunnel, ensuring that the pieces lie next to each other in a horizontal arrangement without overlapping.
3.4.1. [combined with 3.3.1] CU: Few seconds second set of catheters being inserted into second incision 
3.4.2. CU: If possible/appropriate, shot of all 3 catheters in place
3.5. Close the incisions with sutures, and then clean the wounds very gently with a disinfectant. 
3.5.1. CU: Few seconds at least one incision being closed with sutures
3.5.2. CU: Few seconds at least one wound being cleaned
3.6. Then apply a local anesthetic directly onto the incisions and administer an anesthesia-reversing agent, monitoring the animals until they are fully recovered.
3.6.1. CU: Few seconds anesthetic being placed onto at least one incision

3.6.2. CU: Few seconds reversing agent injection (TEXT: Atipamezole 100 microliters/10 g ip)
3.6.3. MED: Talent watching at least one fully recovered mouse in cage
4. Bioluminescence imaging and analysis
4.1. To image the biofilm formation, at the appropriate experimental time point, inject 100 microliters of freshly prepared coelenterazine subcutaneously into each area containing the catheters in an anesthetized animal. 

4.1.1. [4.1.1 to 4.2.1 combined] WIDE: Few seconds Talent making injection (s) (Videographer: More Talent than mouse in shot) (TEXT: Anesthesia: isoflurane) 
4.1.2. CU: Shot of coelenterazine being injected into at least one catheter area
4.2. Then acquire consecutive scans with acquisition times ranging from 20-60 seconds until the maximum signal intensity is reached. 
4.2.1. MED – over the shoulder: Few seconds Talent at monitor, acquiring at least one scan

4.2.1B [added] mouse set into the scanner

4.2.2. SCREEN: Last few seconds scan being acquired until maximum signal intensity is reached (including steps until 4.4.3, send by lab)
4.3. During the acquisition of the next frame, place a region of interest over each trio of catheters to measure the bioluminescent imaging, or BLI, signal intensity of the previously acquired frames.
4.3.1. SCREEN: ROIs being placed over catheter trio regions (Video Editor: Ok to show placement of only one ROI, use as much footage as necessary for narrative)
4.4. Measure the photon flux through this region of interest as well and then, in Living Image software, place a rectangular region of interest of fixed size over each catheter trio and on a control region, and measure the photon flux. 
4.4.1. SCREEN: Shot of photon flux/few seconds photon flux being measured
4.4.2. SCREEN: Shot of at least one ROI being placed over catheter trio
4.4.3. SCREEN: Shot of photon flux/few seconds photon flux being measured
4.5. After repeating these measurements for every animal, report the BLI signal intensity of each catheter trio as photon flux per second. The data can be copied and pasted directly into a spreadsheet program.
4.5.1. MED: Talent at computer, performing a measurement
4.5.2. SCREEN: Shot of at least one BLI signal intensity for one catheter trio represented as photon flux per second
4.6. Then for each animal, cut through the subcutaneous tissue and use sterile tweezers to remove the catheter fragments one by one. 
4.6.1. CU: Shot of catheter area, then few seconds cut being made (TEXT: Euthanasia: Cervical dislocation) 
4.6.2. [combined with 4.6.1] CU: Few seconds at least one catheter piece being removed 
4.7. Wash the catheters two times in 1 ml of PBS as just demonstrated. Then sonicate the pieces in a new microcentrifuge tube in 1 ml of fresh PBS at 40,000 Hz in a water bath sonicator.

4.7.1. MED: Few seconds Talent washing at least one catheter

4.7.2. MED: Talent placing tube in sonicator

4.7.3. CU: Few seconds pieces being sonicated
4.8. After 10 minutes, place the tubes containing the catheters on ice, and plate 100 microliters of the original samples at 1:10 and 1:100 dilutions on YPD agar plates in duplicate. 
4.8.1. MED: Talent placing tube(s) on ice

4.8.2. MED – over the shoulder: Talent adding samples to at least one plate, with other YPD plates visible in frame
4.9. Finally, plot the mean and standard deviation of the photon flux per second for each animal to represent the BLI data on a logarithmic scale.
4.9.1. MED – over the shoulder: Talent at computer, analyzing data OR LAB MEDIA: Figure 4B
5. Results: Bioluminescence signal measurement
5.1. In this image, a representative animal displaying the bioluminescence signal together with the regions of interest denoted 6 days after biofilm development is shown. Note the lack of signaling in the control background area, confirming the limitation of the biofilm to the areas immediately adjacent to the Candida-coated catheters.

5.1.1. LAB MEDIA: fig3.tif 

(Video Editor: with “bioluminescence signal” please indicate/highlight the bioluminescence signaling; 

with “regions of interest denoted” please indicate/highlight the 3 rectangles; 

with “Note … control area” please highlight/indicate the top rectangle and/or the area within the top rectangle)

5.2. In this representative experiment, a clear BLI signal produced by the luciferase-expressing biofilms can be observed, whereas only background signal appears to be produced by the wild type strain. 
5.2.1. LAB MEDIA: fig4C.tiff 

(Video Editor: with “a clear … observed” please add/highlight the “ACT-gluc” text and accompanying arrow and indicated fluorescing area; 

with “whereas … wild type strain” please add/highlight the “WT” text and accompanying arrow and indicated non-luminescent area)

5.3. This increase in signal follows the same trend as the increase in colony forming units per bioflim …

5.3.1. LAB MEDIA: fig4A.tiff (Video Editor: with “increase in colony forming units per biofilm” please outline/add/highlight the ACT-gluc/square data line)

5.4. … and the photon flux measurements for each group of animals. Taken together, these data illustrate that BLI is a powerful technique for monitoring and quantifying in vivo mature C. albicans biofilm formation in a subcutaneous mouse model. 
5.4.1. LAB MEDIA: fig4B.tiff (Video Editor: with “and the photon … animals” please outline/add/highlight the ACT-gluc/square data line)

6. Conclusion (said by authors on camera)
6.1. Sona Kucharikova: Once mastered, infection of devices with Candida cells takes 2 hours and the catheter implant can be done in 10 min/mouse. BLI imaging can be performed in 5 min/mouse.  (take 2)
6.2. Greetje Vande Velde: The big advantage of using BLI is that you can monitor biomass and biofilm development repeatedly in the same animal over time. 
6.3. Uwe Himmelreich: Following this procedure, other methods like MRI or CT, can be performed to answer additional questions, like what catheter position is best for better quantification in more complex models, like the deep vein catheter model? (called 1.3)
6.4. Patrick Van Dijck: After watching this video, you should have a good understanding of how to perform in vivo subcutaneous biofilm assays in mice, to allow an in depth look at host-pathogen interactions.

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.  
fig3.tif

fig4.tif
fig4A.tiff

fig4B.tiff

fig4C.tiff
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.
�Suggestion: have photons (little packages of light) coming out of the back of the mouse, (to be captured by a camera above the mouse)
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