Submission ID #:  52892

Editor Name:  Linda DiBella
Videographer name:

Film Date: 
Authors and Affiliations: 
Matt S. Conover, 
1Department of Molecular Microbiology and Center for Women's Infectious Disease Research, 
Washington University School of Medicine, 
St. Louis, Missouri, USA.
conover@wusm.wustl.edu 

Ana Lidia Flores-Mireles,
1Department of Molecular Microbiology and Center for Women's Infectious Disease Research, 
Washington University School of Medicine, 
St. Louis, Missouri, USA.
flores-mireles@wusm.wustl.edu 

Michael E. Hibbing, 
1Department of Molecular Microbiology and Center for Women's Infectious Disease Research, 
Washington University School of Medicine, 
St. Louis, Missouri, USA.
hibbing@wusm.wustl.edu 

Karen Dodson, 
1Department of Molecular Microbiology and Center for Women's Infectious Disease Research, 
Washington University School of Medicine, 
St. Louis, Missouri, USA.
karen@wusm.wustl.edu 

Scott J. Hultgren
Department of Molecular Microbiology and Center for Women's Infectious Disease Research, 
Washington University School of Medicine, 
St. Louis, Missouri, USA.
hultgren@wusm.wustl.edu 
Title: Establishment and characterization of UTI and CAUTI in a mouse model
Corresponding Author: 

Scott J. Hultgren
Department of Molecular Microbiology and Center for Women's Infectious Disease Research, 
Washington University School of Medicine, 
St. Louis, Missouri, USA.
hultgren@wusm.wustl.edu 
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 steps using the step numbers listed in this document. __2.6, 3.1, 3.3, 3.8, 4.1, 4.3

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.__2.6, 3.8

E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___

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

Procedural Narrative : (UTI and CAUTI diagram)
The overall goal of this procedure is to display a reliable method for the establishment of urinary tract infections, or UTIs and catheter-associated UTIs, or CAUTI (pronounced C-A-U-T-I), in a mouse model and to assess the infections. (Intro)
This is accomplished by first properly preparing the bacterial inoculums, the catheter, and needle. (P1, Editor, begin with the bacterial inoculums tube, then add in the catheter needle, and then the inoculation needle as shown.)
Next, the mouse urinary tract is intravesically inoculated and catheterized. (P2, Editor, from A (UTI), begin with the mouse bottom, then bring in the syringe and inject some of the yellow liquid into the bladder then remove the needle and syringe. In parallel, perform the same with B except bring in the catheter implantation panels first before the inoculation.)
Then, the urinary tract tissues and catheters are harvested to evaluate the infection . (P3, Editor, bring in the organ harvesting tube and ‘transfer’ the bladder from the mouse into the tube and add the pink blob at the bottom.)
Finally, the infection is quantified by determining bacterial tissue, urine and catheter load and/or intracellular bacterial community, or IBC (I-B-C) formation. (P4, Editor, bring in the plate to the right of the tube and add some of the liquid to the plate, then add the small dots.)
Ultimately, CFU (C-F-U) enumeration and LacZ (lac-Z) staining are used to show the establishment, persistence, and severity of urinary tract colonization within a mouse model. (P5, Editor, bring in the graph in Figure 2 here and then Figure 3A next to it for LacZ staining.)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Author name MC: The main advantage of this technique is to establish a reliable model for mimicking human urinary tract infections in order to uncover critical steps in the pathogenesis of UTIs. This model aids in the development of therapeutics to treat and prevent UTIs.
1.2. Author name ALFM: Visual demonstration of this method is critical as the inoculation, catheterization and assessment of intracellular bacterial communities steps are difficult to learn, because the manipulation of the urethra and bladder tissue are not intuitive.   
Protocol (read by voice talent at JoVE):

2. UPEC UTI protocol, Bacterial Inoculation
2.1. TEXT ON WHITE BACKGROUND: The Washington University Animal Studies Committee approved all mouse infections and procedures as part of protocol number 20120216, which was approved 01/11/2013 and expires 01/11/2016. Overall care of the animals was consistent with The guide for the Care and Use of Laboratory Animals from the National Research Council and the USDA Animal Care Resource Guide. Euthanasia procedures are consistent with the “AVMA guidelines for the Euthanasia of Animals 2013 edition.”
2.1.1. TEXT of the above statement
2.2. To begin, thread approximately 1 inch of PE10 tubing onto the shaft of a 30g needle.  UV sterilize overnight and prepare bacterial inoculum according to the text protocol.

2.2.1. WIDE Talent at bench preparing to slide PE tubing onto needle

2.2.2. CU Talent threads tubing onto needle

2.2.3. MED/CU Talent places into UV sterilizer and turns on – have plate for inoculating or a plate with bacterial colonies and medium for inoculating in view
2.3. On a sterilized workstation, draw up to 0.9 ml of the prepared bacterial inoculum into a 1 ml syringe.  Attach the prepared sterile inoculum needle with PE tubing onto the syringe and with sterile scissors, trim the tubing to 1 mm in length.  
2.3.1. CU Talent draws up inoculum into syringe

2.3.2. CU Talent attaches the needle and tubing to the syringe then trims to 1 mm in length
2.4. After anesthetizing a C3H/HeN (H-E-N) mouse according to the text protocol, place it on its back on a paper towel and spread the legs.  Attach a nose cone to the mouse and provide a controlled supply of isoflurane. 
2.4.1. MED/CU Talent places animal on its back on paper towel and spreads its legs; B need another version for 3.5.1 below
2.4.2.  CU Talent attaches nose cone and provides a controlled supply of isoflurane; B need another version for 3.5.2 below
2.5. Gently palpate the bladder to induce urination and ensure a voided bladder, and use a 100% ethanol wipe to clean the periurethral area.  

2.5.1. CU Talent gently palpates bladder and animal voids

2.5.2. CU/ECU Talent cleans periurethral area

2.6. Dab the inoculation needle/syringe, point first, into the surgical lubricant.  Then insert the inoculation needle into the urethra, approximately 12 mm, and gently depress the syringe plunger to dispense 50 ul of the bacterial solution into the bladder (TEXT: place animal back in its cage).

2.6.1. CU Talent dabs needle into surgical lubricant

2.6.2. CU Talent inserts needle into urethra ~12 mm and gently dispenses 50 l of bacterial solution into bladder
3. Urine Collection for Bacteriuria CFU Enumeration and the Catheter Associated Urinary Tract Infection Model Protocol
3.1. To collect urine pre or post infection, gently restrain the mouse by holding the tail and placing it on a flat elevated surface, such as the top of a mouse cage. 
3.1.1. MED/CU Talent picks up mouse and gently restrains it by holding tail and placing on a flat elevated surface 

3.2. Hold a sterile 1.5 ml tube under the mouse urethra and gently press down on the back of the mouse near the tail to apply pressure to the bladder.  Catch the urine in the tube.  After preparing serial dilutions of the urine and culturing overnight, count the colonies. 
3.2.1. CU Talent holds sterile tube under mouse urethra and applies pressure to bladder, catching urine in tube
3.2.2. Use 3.2.2B here
3.3. To carry out the CAUTI protocol, begin by cutting a 7 mm piece of PE10 tubing and a 5 mm piece of silicone tubing, such as RenaSIL.  Remove the cap of a 30-gauge needle and use the PE10 tubing to thread the needle up to the base.  Then feed the silicone tubing onto the PE10 (TEXT: sterilize overnight).

3.3.1. CU Talent cuts a piece of PE10 tubing and places next to 5 mm piece of silicone tubing on bench

3.3.2. CU Talent removes cap from needle and threads needle up to base with tubing

3.3.3. CU Talent feeds silicone tubing onto PE10

3.4. To implant the catheter, attach the catheter needle to an empty 1 ml syringe.  Cut a 1 inch square piece of Parafilm and put a dab of surgical lubricant on top.

3.4.1. CU Talent attaches catheter needle to empty 1 ml syringe

3.4.2. CU Talent places surgical lubricant on top of 1 inch square piece of Parafilm
3.5. After anesthetizing the mouse as mentioned earlier in the video, place the mouse on its back on a paper towel and attach a nose cone to deliver isoflurane. 
3.5.1. Use 2.4.1B here

3.5.2. Use 2.4.2B here
3.6. Gently palpate the bladder to induce urination and ensure a voided bladder, then use a 100% ethanol wipe to clean the periurethral area. 
3.6.1. FREEZE FRAME from 2.5.1

3.6.2. FREEZE FRAME from 2.5.2, Editor, place side by side with 2.5.1
3.7. Next, use 10% povidone-iodine solution and a cotton-tipped applicator to disinfect the periurethral area.  Dab the tip of the inoculation needle into the surgical lubricant, then insert the catheter into the urethral opening.  

3.7.1. CU Talent uses povidone iodine solution to disinfect periurethral area

3.7.2. CU Talent dabs tip of needle into lubricant 

3.7.3. ECU Talent inserts needle into urethral opening

3.8. Once in, use tweezers to push the PE tubing toward the bladder, which will deposit the smaller, silicone catheter into the bladder.  Then immediately remove the needle with the 7 mm tubing still attached.

3.8.1. CU/ECU Talent pushes PE tubing into bladder to deposit smaller silicone catheter into bladder then talent removes needle with 7 mm tubing attached

3.9. After preparing E. faecalis bacterial inoculum, use it to inoculate the bladder and return the animal to its cage before determining the bacterial burden as per the following demonstration. 
3.9.1. CU Talent inoculates bladder 
3.9.2. MED/CU Talent places animal back in cage
4. Determination of Bacterial Burden
4.1. Once the animal has been euthanized (TEXT: refer to the text protocol), place it on its back and use 70% ethanol to spray the abdomen.  Dissect the mouse, harvesting the bladder and then kidneys in that order, and place the organs into separate 5 ml tubes containing 1X PBS.  If the mouse is catheterized, remove the catheter from the bladder and place it in a separate tube.
4.1.1. MED/CU Talent places euthanized animal on its back

4.1.2. CU Talent sprays abdomen with 70% ethanol

4.1.3. CU Talent removes bladder 

4.1.4. CU Talent removes kidneys and places in 5 ml tube of PBS – have tube with bladder visible

Added shot: 4.1.3.a Remove catheter from the bladder (scene needs to be edited for time)
4.2. After homogenizing the organs (TEXT: refer to text protocol), preparing serial dilutions, and culturing overnight on LB agar plates, count the colonies. 

4.2.1. CU Talent places serial dilution plates on bench next to one another 

4.2.2. CU Talent begins to count colonies from a plate; 

4.3. For IBC enumeration, after harvesting the bladder, place it in a silicone-coated well of a 6 well plate with PBS and use scissors to cut it in half.  Using small metal pins placed along the outermost edges, gently splay the bladder so that the lumen is facing upward and the maximum amount of urothelium is exposed.  

4.3.1. CU Talent places bladder into silicone coated well of 6-well plate with PBS

4.3.2. CU Talent cuts bladder in half with scissors

4.3.3. CU Talent splays and pins bladder tissue with lumen facing upward
4.4. After performing LacZ stain as outlined in the text protocol, observe IBCs which appear as blue puncta under a dissecting microscope (TEXT: 40-60X magnification).

4.4.1. LAB MEDIA Figure 3A, Editor, zoom in on the inset for the last part of the sentence. 
5. Results: Urinary Tract Infection and Catheter Associated UTI Colonization 
5.1. The data shown here represent acute stage urinary tract colonization by the prototypical UPEC cystitis isolate UTI89.

5.1.1. LAB MEDIA Figure 1

5.2. In this figure, CFUs occurring 4 weeks after inoculation of C3H/HeN mice with 2*107 CFUs of UTI89 are shown. Under these experimental conditions, 20-50% of infected mice develop chronic cystitis, while the remaining 50-80% of mice resolve the infection.
5.2.1. LAB MEDIA Figure 2, Editor, for 20-50% of infected mice develop…’ point out the top three dots in the bladder and kidney columns.  For ’50-80% of mice resolve the infection,’ point out the bottom dots in the bladder and kidney columns.
5.3. IBC quantification is an informative measure of bacterial burden during acute cystitis and high levels of IBCs correlate with the risk of developing chronic cystitis.  As seen here, using LacZ/β-galactosidase staining, IBCs appear as blue/purple punctae on the urothelium that can be counted.  In the C3H/HeN background, an average of ~50 IBCs can be seen per bladder.

5.3.1. LAB MEDIA Figure 3A and B, Editor, for ‘As seen here,’ add in the square and then the zoomed in box at the bottom left and point out the purple dots in the square.  For the last part of the last sentence, point out the 4 dots in B around 50 IBC number. (Editor, see IBC_ImageWithinset.pptx for figure 3A.)
5.4. The data shown here are from a bladder implant mouse model of CAUTI and represent 24-hour infections with E. faecalis strain OG1RF (O-G-1-R-F).  When 1*107 CFU of OG1RF are intravesically inoculated into an unimplanted bladder, the infection begins to clear by 24 hpi and has resolved by 3 dpi. 

5.4.1. LAB MEDIA Figure 4A, Editor, for ‘the infection begins to clear,’ point out the three lowest dots in the ‘no catheter’ column.   

5.5. Conversely, OG1RF inoculated into an implanted bladder results in colonization of both the catheter and the bladder, with 10 fold higher colonization levels at 24 hpi than in unimplanted bladders.

5.5.1.  LAB MEDIA Figure 4A and B, Editor, add B in next to A and then point out the dots around the horizontal line for ’10-fold higher colonization levels.’
6. Conclusion (said by authors on camera)
6.1. Author name MC: Following this procedure, other methods like electron or confocal microscopy can be performed in order to answer additional questions like IBC formation and bacterial localization.

6.2. Author name ALFM: After its development, this technique paved the way for researchers in the field of UTI research to explore bacterial virulence factors and host responses to infection in mice that has recapitulated human pathogenesis.
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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


