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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of your protocol will viewers benefit most from having filmed? 3.2.-3.5., 4.9., 4.10. 
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  4.9.
E. Will the filming need to take place in multiple locations? N
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 novel model is to allow real-time, in vivo monitoring of biofilm wound infection and healing in diabetic mice. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Chris Waters: This method can help answer key questions in the wound healing field, such as what are the underlying interactions between biofilms and the diabetic host?
1.2. Chris Waters: The main advantage of this technique is that in vivo biofilm progression and its impact in wound healing can be assessed without serial experimental animal sacrifice at specific time points. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Alessandra Hunt: The implications of this technique extend toward the treatment of chronic wounds, as the model can be used to test a wide variety of therapies, including topical antimicrobial dressings.   Please use take 3
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Chris Waters: Demonstrating the procedures will be Svetlana Navitskaya, a technician in the Busik Lab, Cassie Larrivee, a Masters student at Michigan State University, and Sandra O’Reilly, a Research Assistant Professor at MSU. 
1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Michigan State University.
Protocol: (read by voice talent at JoVE)
2. Diabetes Induction and Surgical Preparation
2.1. To induce diabetes, administer 5 consecutive daily intraperitoneal injections of streptozotocin in citric acid to 8-week old, male, SKH-1 (Pronounce: S-K-H-one) mice [1-WIDE-TXT].

2.1.1. Few seconds Talent injecting at least one mouse (TEXT: See text for all reagent preparation details)

2.2. Fourteen days after the last injection, use a glucometer to confirm hyperglycemia by blood glucose monitoring [1-CU-TXT]. [2-MED].
2.2.1. Shot of blood glucose monitor readout (TEXT: Weigh animals 3x/wk)

2.2.2. Few seconds Talent cutting dressings

2.3. Outline 10-mm circles on a 0.5 mm thick silicone sheet [1-MED-over the shoulder], centering one 5-mm biopsy punch in the middle of each circle [2-CU], and press the punch firmly to create "donut"-like discs that will be used as splints [3-ECU].
2.3.1. Few seconds Talent outlining at least one circle
2.3.2. Few seconds punch being centered
2.3.3. Few seconds donut-disc being created Author comment: “It seems like there is a mix up in procedures because for you different materials may sound like being the same. So in 2.3 we cut the ORANGE silicone discs. In 2.4 we cut the TRANSPARENT DRESSING FILM with scissors. Please guide yourself by the color of the material as we may have gotten confused with the shot numbers. Sorry!
2.4. Use scissors to cut a transparent, occlusive dressing into 1 x 1 cm pieces [ADDED-?].UV sterilize polycarbonate membrane filters with a 0.2-micron pore size in a biological safety hood for 15 minutes per side [1?-MED].
     2.4.0 ADDED: “This is the transparent film being cut with scissors. This shot was added but I don’t know the number that was given to it.”
2.1.1. Talent turning on UV light, with filters visible in frame may be slated 2.4.2
2.5. Two days before the wound procedure, inoculate a culture of bioluminescent P. aeruginosa Xen 41 [1-CU] in tryptic soy broth overnight at 37 °C and 200 rpm [2-MED].
2.5.1. Few seconds broth being inoculated
2.5.2. Talent placing broth into shaking incubator
2.6. The next morning, pellet the bacterial cells [1-MED-TXT] and perform three washes in 1 mL of DPBS per wash [2-CU-TXT].
2.6.1. Talent placing tube(s) into centrifuge (TEXT: 2 min, 20,000 x g, RT)
2.6.2. Shot of pellet if visible, then few seconds DPBS being added to pellet, with DPBS container label visible in frame (TEXT: 2 min, 20,000 x g, RT, x3)
2.7. After the third wash, dilute the bacterial suspension in fresh DPBS to an absorbance of 0.05 at 600 nm [1-MED].
2.7.1. Few seconds Talent adding DPBS to tube, with centrifuge visible in frame if possible
2.8. Place the UV-sterilized filters into a tryptic soy agar plate [1-CU] and add 10 microliters of the diluted bacteria onto each filter [2-ECU].
2.8.1. At least one filter being placed onto agar plate
2.8.2. Few seconds bacteria being added to filter
2.9. When the membranes are dry [1-?], place the plate at 37 °C [2-MED], transferring the filters to fresh tryptic soy agar plates every 24 hours [3-MED-over the shoulder-TXT].
2.9.1.  ADDED: Static image showing dry membranes Editor, perhaps show very briefly, or as an inset.
2.9.2. Talent placing plate(s) into incubator
2.9.3.  Few seconds Talent placing filter(s) onto new plate (TEXT: Incubate biofilms 72 hours)
3. Wound Surgery
3.1. The next day, confirm a lack of response to toe pinch [1-WIDE-TXT] and wipe the skin on the back of a diabetic SKH-1 animal with 10% povidone-iodine and an isopropanol pad [2-CU].
3.1.1. Talent pinching toe (Videographer: More Talent than mouse in shot) (TEXT: Anesthesia: 1-3% isoflurane; Analgesia: meloxicam 0.2 mg/kg sc)
3.1.2. Few seconds mouse being wiped with pad
3.2. Using a sterile 4 mm biopsy punch, use a permanent marker to outline a circular pattern for the wound on one side of the animal’s midline at the shoulder level [1-CU].
3.2.1. Few seconds outline being made
3.3. Next, use serrated forceps to lift the skin in the middle of the outline [1-ECU] and use iris scissors to create a full-thickness wound extending through the subcutaneous tissue and including the panniculus carnosus [2-CU].

3.3.1. Skin being pinched

3.3.2. Few seconds wound being created

3.4. Excise the circular piece of tissue [1-CU] and apply a waterproof, medical, skin-adhesive glue to the animal [2-CU].

3.4.1. Few seconds tissue being removed

3.4.2. Few seconds adhesive being applied

3.5. Using mild pressure, place a silicone splint onto the adhesive [1-ECU] and hold the splint for about 30 seconds until the glue dries [2-CU]. 

3.5.1. Splint being placed onto adhesive 

3.5.2. Splint being held in place

3.6. Then cover the wound with one of the transparent occlusive dressings [1-CU], administering analgesia once daily for two days via subcutaneous injection for post-operative pain relief [2-CU-TXT]. Place the animal into its own recovery cage [3-MED-TXT]
3.6.1. Few seconds wound being covered
3.6.2. Few seconds mouse being injected (TEXT: See text for full post-operative care details) order changed - may be slated 3.6.3
3.6.3. Talent placing mouse into cage (Videographer: More Talent than mouse in shot) (TEXT: Repeat for each animal) may be slated 3.6.2
4. Biofilm Inoculum Infection, Bioluminescence Expression Assessment, and Wound Measurement and Imaging
4.1. Forty-eight hours after the surgery, use a sterile spatula to transfer several biofilms from their filters into a syringe [1-WIDE]. Then use the syringe to dispense the biofilms into individual microcentrifuge tubes [2-MED].

4.1.1. Few seconds Talent harvesting biofilm from filter, with syringe visible in frame

4.1.2. Few seconds Talent adding biolfilm to tube

4.2. Dilute the biofilms at a 1:2 ratio in DPBS with brief mixing [1-CU] and further break down the biofilm inoculum with two 1-minute vortexes [2-MED] intercalated by a 2-minute sonication at 40 kHz in an ultrasonic cleaner [3-CU].
4.2.1. Few seconds one biofilm tube being mixed, with DPBS container label visible in frame
4.2.2. Few seconds Talent vortexing at least one tube

4.2.3. Few seconds at least one tube being sonicated

4.3. Serially dilute the broken-down inoculum up to a 1x10-8 concentration for plating [1-MED-over the shoulder] and spread plate the inoculum onto tryptic soy agar plates [2-CU].

4.3.1. Few seconds Talent adding inoculum to at least one tube, with serial dilution tubes and dilution concentration labels visible in frame

4.3.2. Few seconds one inoculum dilution being plated, with other plates visible in frame
4.4. After 24 hours at 37° C, count the bacteria to calculate the biofilm colony forming units [1-MED-over the shoulder].
4.4.1. Few seconds Talent looking at one plate, using counter to keep track of colonies OR similar “Talent counting bacteria” shot

4.5. To evaluate the bioluminescence to bacterial count ratio, make ½ to 1/24 serial biofilm dilutions in DPBS [1-MED], vortexing the dilutions until [2-CU] visually homogeneous bacterial suspensions are produced [3-CU].
4.5.1. Few seconds Talent adding biofilm to at least one tube, with DPBS and other tubes with serial dilution labels visible in frame Not filmed, re-use 4.3.1
4.5.2. Quick shot of tube being vortexed
4.5.3. Shot of visually homogenous bacterial suspension
4.6. Transfer 200 microliters of the diluted solutions into individual wells of a black 96-well plate [1-MED-over the shoulder] and image each well using an in vivo imaging system [2-MED].
4.6.1. Few seconds Talent adding solution(s) to at least one well

4.6.2. Few seconds Talent loading plate onto imaging system

4.7. Then spread plate the dilutions onto new TSA plates for a 24-hour incubation at 37 °C [1-CU], counting the colony forming units the next day to create a standard curve of the bioluminescence versus bacterial counts [2-LM].
4.7.1. Few seconds one plate being spread Not filmed, use 4.3.2
4.7.2. Figure 12.pdf: no animation OR trace standard curve data line
4.8. Next, remove the dressing cover and silicone splints from the wounds [1-CU] and use a microscope with an attached camera to obtain micrographs of the wounds [2-MED-TXT].

4.8.1. Few seconds cover/splints being removed 

4.8.2. Talent at microscope, imaging mouse (Videographer: Do not show wound in frame if possible) (TEXT: Use ruler for reference)
4.9. Using a 200-microliter pipette tip with a cut end, pipette 10 microliters of the biofilm inoculum onto each wound [1-ECU] and cover the wounds with fresh dressings [2-CU-TXT].

4.9.1.  Few seconds biofilm being added to wound

4.9.2.  Few seconds dressing being placed (TEXT: Check dressing integrity daily/weigh animals every other day)
4.10. Then use an in vivo imaging system to image the wounds daily in an isolation chamber equipped with a HEPA filter [1-MED] to assess the bioluminescence in the wounds until the luminescence values fall below the background level [2-LM-TXT].

4.10.1.  Few seconds Talent at imager, imaging animal(s), with monitor visible in frame if possible (TEXT: See text for imaging system setup details)

4.10.2.  Figure 8 modified.pdf: sequentially show/indicate images OR no animation
4.11.  [1-CU]  Obtain daily images and measurements of the wound closure progress until the wounds are healed [2-LM].
4.11.1.  Few second dressing being removed from one animal

4.11.2.  Figure 11.pdf: no animation
5. Results: Representative Bioluminescence Expression, Biofilm Evolution, and Wound Closure Analyses
5.1. Some advantages of using SKH-1 mice for this diabetic wound-healing model are that the mice do not demonstrate a significant weight loss after diabetes induction [1-LM], fewer deaths occur in the diabetic SKH-1 animal cohort [2-LM], and the SKH-1 animals do not demonstrate short term skin damage [3-LM] or hair regrowth interference compared to C57BL/6 animals [4-LM].
5.1.1. Figure 1.pdf: please trace/indicate closed circle data line

5.1.2. Figure 2.pdf: please trace/indicate green data line
5.1.3. Doc3-no letters or arrows.docx: please add/indicate arrows as in original Figure 3A and B
5.1.4. Figure 4.pdf: please indicate hair coming out of silicone ring in top right of right mouse image

5.2. Daily in vivo imaging of the biofilm-containing wounds allows monitoring of the wound infection development [1-LM] and the evolution of the biofilms [2-LM].
5.2.1. Doc8-no labels.docx: please sequentially add/indicate images from top left to bottom right
5.2.2. Figure 9.pdf: please trace/indicate red data line
5.3. A standard curve can then be generated to compare the bioluminescence, recorded as the total flux [1-LM], with the bacterial density within the wounds [2-LM].

5.3.1. Figure 12.pdf: please trace/indicate standard curve data line OR no animation
5.3.2. Figure 10.pdf: please indicate all of the data bars OR no animation
5.4. Removal of the splint and dressing on day 8 facilitates visualization of the wound healing and the daily measurement of the wound closure progress [1-LM].
5.4.1. Doc11.docx: please sequentially indicate images from top left to bottom right OR no animation
6. Conclusion (said by authors on camera):
6.1. Chris Waters: Once mastered, this technique can be completed in a short period of time if it is performed properly, reducing the amount of time the animals are under anesthesia.

6.2. Alessandra Hunt: Following this procedure, other experimental conditions, like using different microorganisms or microorganism combinations or applying topical treatments, can be evaluated to answer additional questions about how multi-species biofilms adversely impact wound healing or how well wounds respond to novel drugs.
6.3. Chris Waters: After its development, this technique allowed researchers to explore the impact of biofilms in wound healing while reducing the number of animals necessary per experiment. 
6.4. Alessandra Hunt: After watching this video, you should have a good understanding of how to perform a wound surgery and how to conduct a biofilm inoculum preparation and infection protocol.
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:

0123_ Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

0123_ 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.  

5.1.1 Figure 1.pdf
5.1.2 Figure 2.pdf

5.1.3 Doc3-no letters or arrows.docx
5.1.4 Figure 4.pdf
5.2.1 Doc8-no labels.docx
5.2.2 Figure 9.pdf

5.3.1 Figure 12.pdf and 10.pdf
5.4.1 Doc11.docx
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 in the email accompanying the finalized script.
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