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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) _____N____ 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____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_steps 2.5, 2.6, 3.2, 3.3, 4.7, 4.8 (in the protocol in this script)
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Ensuring that the mice are properly infected is the most important aspect of this procedure.  Collecting tissue for bacterial counts at the terminus of the experiment to validate successful infection and subsequent induction of colitis is of utmost importance.  
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 induce colitis by infecting mice with the gram-negative murine pathogen Citrobacter rodentium, allowing the study of pathogen and host interactions in the gastrointestinal tract. (Intro) This is accomplished by first inoculating a culture of C. rodentium overnight. (P1) In the second step, mice are infected by oral gavage with the overnight inoculum. (P2) Next, on day 7 post infection, the cecum, colon and luminal contents are collected. (P3) During the final step, the tissues are plated, the bacterial colonies are counted, and the tissues are immunostained for the host proteins of interest. (P4) Ultimately, pathogen burden, barrier function, histological damage, and changes in host response can be assessed through immunohistochemistry. (P5)
From 50222_Procedural Narrative.pptx

(P1) show P1 image 
(P2) P2 graphics: inject mouse in the “mouth” (sort of under the eye along the black head outline) with syringe, have yellow contents of syringe leave syringe into mouse
(P3) show P3 image and text; with “cecum” highlight/indicate cecum part of image and “cecum” text; with “colon” highlight/indicate colon part of image and “colon” text; with “luminal contents” highlight/indicate dark ovals within colon and “luminal contents” text
(P4) P4 images: show “bacterial counts” image and text with “tissues are plated and bacterial colonies are counted”, with “tissues are immunostained.. interest” show H&E image and text and IHC image and text
(P5) with “pathogen burden” show LAB MEDIA- 50222_Vallance_Figure2.pptx; with “barrier function” show LAB MEDIA- 50222_Vallance_Figure1.pptx ; with “histological damage” show LAB MEDIA- 50222_Vallance_Figure3.pptx; with “changes in host response” show LAB MEDIA- 50222_Vallance_Figure4.pptx 
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 use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Ganive Bhinder: Although this method offers a robust model of infectious colitis allowing for the study of pathogen-host interactions and immune responses, it can also be adapted to examine the effects of bacterial infection on the risk of colon cancer.  
1.2. Ho Pan Sham: Generally, individuals new to this method will struggle with the initial infection of the mice through oral gavage with the bacterial culture.  
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. Preparation of Citrobacter rodentium inoculum and oral gavage of mice
2.1. Begin by using a sterile inoculating loop to streak viable C. rodentium from a frozen glycerol stock onto an LB agar plate. After overnight incubation at 37°C, use an inoculating loop to transfer colonies from the LB plate to 3 mL of sterile LB broth.

2.1.1. WIDE: Talent streaking stock onto plate (TEXT: LB = Luria Bertani)

2.1.2. MED – over the shoulder: Talent uses loop to pick a colony off plate and transfers it into LB broth (TEXT: Use aseptic technique for inoculum preparation) 
2.2. Next incubate the C. rodentium culture aerobically in a benchtop incubation shaker at 200 rpm overnight at 37°C. The next morning, the inoculated LB broth should appear cloudy. Gently agitate the culture to evenly distribute the bacterial cell culture and then load a 1 ml syringe with broth and attach it to a gastric gavage needle.

2.2.1. MED: Talent places culture into shaker (TEXT: 200 rpm, 37°C, O/N)

2.2.2. CU: Shot of cloudy broth

2.2.3. MED: Talent gently agitating broth (Videographer: May combine 2.2.3. and 2.2.4. if appropriate)

2.2.4. MED: Talent fills 1 ml syringe, then attaches needle (Videographer: May combine 2.2.3. and 2.2.4. if appropriate)
2.3. Select a mouse for gavage by firmly grasping the loose skin over its neck and back with thumb and fingers. Then pull back the animal’s head with an index finger to immobilize the animal’s head and straighten the esophagus for insertion.

2.3.1. CU: Shot of mouse being grasped by loose skin with thumb and fingers (Videographer: May combine 2.3.1. and 2.3.2. if appropriate)

2.3.2. CU: Shot of animal’s head being pulled back with index finger (Videographer: May combine 2.3.1. and 2.3.2. if appropriate)
2.4. Maintaining the mouse in an upright position, direct the bulb tip of the gastric gavage needle along the side of the animal’s mouth and over its tongue. Gently pass the needle along the roof of the animal’s mouth and advance the needle down the esophagus. 

2.4.1. CU: Shot of mouse head in upright position, then bulb being directed along side of animal’s mouth and over tongue. Comments: combined this shot with the needle being advanced down the esophagus (part of 2.4.2).
2.4.2. ECU: Shot of needle being passed along roof of animal’s mouth and being advanced down esophagus (TEXT: Remove and re-insert needle if any resistance is felt during gavage) deleted this shot; it is not possible to show the needle being passed along the roof of the mouth.  
2.5. Finally, use the syringe to slowly inject 100 μL of the bacterial inoculum and then gently remove the gavage needle. Monitor the breathing rate and behavior of the mouse after returning it to its cage. 

2.5.1. MED – over the shoulder: Shot of inoculum slowly being injected, then needle being removed (Videographer/Video Editor: Split action into two separate shots as necessary)

2.5.2. MED: Talent watching healthy-looking mouse in cage (TEXT: Carry out all C. rodentium infections/housing of infected animals in a BSL 2 facility)

3. Measuring colonic epithelial barrier permeability in C. rodentium-infected mice
3.1. On the day of the assay, scruff the mouse as just demonstrated and then gavage the animal with 150 μL of freshly-prepared FITC-dextran. Withdraw food from the cage at this time.  
3.1.1. WIDE: Talent picks up mouse (TEXT: Measure permeability up to 7 days post infection)

3.1.2. MED: Last few seconds of FITC-dextran being injected into mouse and then syringe being removed

3.1.3. MED: Talent removes food from cage
3.2. 4 hours after gavage and then sedation of the animal, use cardiac puncture to collect as much blood as possible from the anesthetized animal. Add the blood to a final concentration of 3% acid-citrate dextrose in a microcentrifuge tube to deter coagulation. 

3.2.1. MED (Videographer: Do not get much of mouse in shot): Talent placing anesthetized mouse in position on bench (TEXT: Anesthesia: 3% isoflurane induction chamber; 2.5% isoflurane nose cone)

3.2.2. CU: Few seconds of blood being withdrawn (TEXT: Immediately euthanize mouse by cervical dislocation after blood collection) 

3.2.3. CU: Shot of blood being added to microcentrifuge tube (TEXT: Keep blood on ice and minimize light exposure as much as possible)

3.3. Next spin down the blood samples for 12 minutes at 1000 x g and 4°C. Then collect the serum and dilute it to 1/10 and 1/100 in PBS. Add 100 μL of each sample at these two dilutions to a 96 well plate in duplicate.

3.3.1. MED: Talent placing tube(s) into centrifuge (TEXT: 12 min, 1000 x g, 4°C)

3.3.2. CU: Shot of at least one tube, then serum being collected

3.3.3. MED: Talent adds PBS to second of dilutions

3.3.4. CU: Shot of last of 4 samples being added to 96 well plate
3.4. To prepare the standard curve, dilute 100 (l samples of the original 80 mg ml-1 FITC-dextran used to gavage the mice in PBS in dark microcentrifuge tubes, then add the standard samples to a 96 well plate in triplicate. Then use a fluorometer to quantify the fluorescence of each sample and to determine the FITC-dextran concentration.  

3.4.1. MED – over the shoulder: Few seconds of Talent diluting samples for standard curve in tubes first, then adding them to 96 well plate (TEXT: Dilutions: 800, 400, 200, 100, 50, 25, 12.5, 6.25, and 0 μg/mL)

3.4.2. MED: Talent places plate into fluorometer (TEXT: Excitation: 485 nm; Emission: 535 nm)
4. Measurement of bacterial load in tissues of C. rodentium-infected mice
4.1. Using aseptic technique, begin this step by adding 1 mL of sterile PBS and an autoclaved metal bead to round-bottomed 2 mL centrifuge tubes. Then weigh each tube.

4.1.1. WIDE: Talent adds PBS to a few tubes

4.1.2. CU: Shot of metal bead dropping into one tube, other tubes with beads in frame

4.1.3. MED: Few seconds of Talent weighing one tube

4.2. Next after removing the cecum and colon from the mouse. Separate the cecum from the colon and cut them open longitudinally. Collect the luminal contents with forceps and add the contents to a tube of PBS. 

4.2.1. CU (Videographer: Just get abdomen of mouse in shot): Shot of cecum and colon being lifted out of mouse.  Comments: Could not get close up enough to only focus on the abdomen of mouse, so covered mouse with gauze and created a window through which only the abdomen was visible.
4.2.2. CU: Few seconds of cecum being separated from colon

4.2.3. CU:  Cut open the remaining colon and cecum longitudinally.  
4.2.4. CU:  Collect luminal contents with forceps and add to a tube of PBS.
4.3. Wash the cecal and colonic tissues with sterile PBS before placing them in separate tubes.
4.3.1. CU: few seconds of tissues being washed with PBS (TEXT: Save 0.5 cm sections for 10% formalin fixation)

4.3.2. MED: Talent adding some tissue to at least one tube
4.4. Now weigh the tubes of tissue and homogenize the samples using a bead beater for 6 minutes at 30 Hz.
4.4.1. CU: Shot of one tube being weighed

4.4.2. CU: Shot of at least one tube being homogenized (TEXT: Homogenize: 6 min, 30 Hz)  

4.5. Add 180 μL of sterile PBS per well to a 96 well plate. Then add 20 μL of each homogenized sample to the first well in each row and mix well. 
4.5.1. MED – over the shoulder: Talent adding PBS to a few wells of 96 well plate

4.5.2. CU: Shot of at least one sample being added to at least one well, then sample being mixed

4.6. Serially dilute the samples by adding 20 μL from each previous well to obtain dilutions from 10-1 in the first well down to 10-6. Then plate 10 μL of each dilution from each sample in triplicate on a square bottom LB plate with a grid.

4.6.1. MED: Few seconds of Talent diluting samples

4.6.2. MED – over the shoulder: Talent adding at least one sample into at least one plate with a grid

4.7. After overnight incubation at 37°C, count the colony forming units on one plate. 

4.7.1. MED: Few seconds of Talent counting colonies on one plate
4.8. Average the triplicates for each sample, and then record the dilution at which each sample was counted. Multiply the average CFU by 50 and by the dilution factor at which the sample was counted resulting in CFU/mL.  Finally, divide by the tissue weight to determine the CFU/g.

4.8.1. LAB MEDIA: 4.9 - 50222 Vallance_CFU formula.pptx (Video Editor: with “average .. sample” please highlight/indicate the red oval and arrow on the image and the “average CFU” text and black oval; with “record the dilution.. counted” please highlight/indicate the “dilution factor” text in the black oval; with “multiply the average .. by 50” highlight/indicate the “average CFU x 50” in the formula; with “and by the dilution factor.. counted” highlight/indicate the “x 10dilution factor” in the formula; with “resulting in CFU/ml” highlight/indicate the “CFU/ml” text in the formula; with “divide … CFU/g” highlight/indicate the red oval around the CFU/g text in the formula
5. Histological Assessment and Immunofluorescence staining of infected colon tissues
5.1. After overnight formalin fixation of the previously saved 0.5 cm colon and cecum section, the next morning, wash the tissues with 70% ethanol and place in a cassette to send to a histology facility to be embedded in paraffin and stained with hemotoxylin & eosin.

5.1.1. WIDE: Few seconds of Talent washing tissues with ethanol

5.1.2. CU: Shot of tissue being placed in a cassette to be sent to histology facility.  Comments:  We do not do the paraffin embedding or H&E stianing in the lab – send to our histology core facility to be done there.  
5.2. To deparaffinize the tissues, place the slides in a coplin staining jar in a 65 °C water bath for 10 minutes.
5.2.1. MED – over the shoulder: Few seconds of adding h&e to at least one tissue

5.2.2. CU: Shot of slides being placed into coplin staining jar in a 65°C water bath  
5.3. Now place the slides in xylene for four washes of 2 minutes each. Rehydrate the slides with two 5-minute washes in 100% ethanol, followed by one 5 minute wash in each of the following: 95% ethanol, 75% ethanol, and dH20. 

5.3.1. CU: Shot of slides being placed into xylene (TEXT: Xylene wash, 2 min, x4)

5.3.2. CU: Shot of slides being placed into 100% ethanol (TEXT: Rehydration: 100% EtOH, 5 min, x2; 95% EtOH, 5 min; 75% EtOH, 5 min; dH2O, 5 min) (Video Editor: Please add TEXT as mentioned in voiceover)

5.4. Place the washed slides in a coplin jar with pre-warmed sodium citrate buffer, and then place the jar into a steamer for 30 minutes. After letting the jar sit at room temperature for another 30 minutes, wash the slides 3 times with PBS azide for 5 minutes. 

5.4.1. MED: Talent places slides into coplin jar, then places jar in steamer (TEXT: Steaming breaks protein cross-links formed by formalin fixation) (Videograhper: Can split action into two shots as necessary)
5.4.2. MED: Talent places slides into PBS azide (TEXT: PBS azide, 5 min, x3)

5.5. When the slides are dry, mark the area around the tissue with a PAP pen. Then block the tissue with blocking buffer in an immunostaining moisture chamber at room temperature. 
5.5.1. CU: Shot of one area around one tissue being circled with PAP pen

5.5.2. CU: Shot of blocking buffer being added to at least one slide inside of a moisture chamber (TEXT: Blocking buffer, 1 hr, RT)
5.6. After 1 hour, pour off the blocking buffer and incubate the tissues in 50-100 μL of primary antibody at 4 °C overnight. 
5.6.1. MED: Talent pours buffer off at least one slide.  Comments: after pouring off buffer, accidentally added primary antibody (labeled vial in shot) to the slide with pipette.
5.6.2. CU: Shot of antibody being added to at least one slide (TEXT: 1° Ab, 4°C, O/N) (In this CU shot, added liquid to slide with a larger plastic bulb pipette by accident)
5.7. After the incubation period, wash the tissues 3 times with PBS azide for 5 minutes. Then incubate the slides in 50-100 μL of the secondary antibody in the dark at room temperature. After an hour, wash the sides 3 times with dH2O for 5 minutes. 

5.7.1. MED: Talent adding PBS azide to a few slides (TEXT: PBS azide, 5 min, x3)

5.7.2. CU: Shot of antibody being added to at least one slide (TEXT: 2° Ab, 1hr, RT, dark)

5.7.3. MED: Talent adding dH2O to a few slides (TEXT: dH2O, 5 min, x3)
5.8. Finally, dehydrate the tissues, cover the slides with DAPI Prolong Gold mounting medium, and then and apply a coverslip. View the slides under a fluorescence microscope.
5.8.1. MED: Few seconds of Talent dehydrating at least one slide

5.8.2. MED – over the shoulder: Talent adding mounting media to one slide

5.8.3. CU: Shot of coverslip being added being added to slide

5.8.4. MED: Talent sitting at microscope looking at slide
6. Results: Representative overnight culture infection data from a frozen glycerol stock
6.1. This first figure shows FITC-dextran measured in the serum of C57BL/6 mice, as well as from Toll like receptor 2 knockout mice, which have previously been found to exhibit impaired epithelial barrier integrity during infection. In the presence of an intact intestinal epithelial barrier, FITC-dextran is poorly permeable through this layer. Therefore, increased levels of FITC-dextran in serum suggest an impairment of intestinal epithelial barrier integrity during infection allowing this molecule to leak across. As a control, serum levels in uninfected mice gavaged with FITC-dextran are also presented.  
6.1.1. LAB MEDIA: LAB MEDIA- 50222_Vallance_Figure1.pptx (Video Editor: with “measured in the serum .. mice” please highlight/indicate the white box and B6 text in the legend; with “from Toll like .. mice” please highlight/indicate the black box and TLR2 -/- text in the legend; with “in the presence .. poor permeable through this layer” please highlight/indicate the white data bar in the right side of the graph; with “increased levels ..  to leak across” please highlight/indicate the black data bar in the right side of the graph; with “as a control … presented” please highlight/indicate the both data bars on the left side of the graph)
6.2. As C. rodentium is a luminal pathogen that can intimately adhere to intestinal epithelial cells, bacterial loads in the luminal contents, cecal, and colonic tissues can be measured. At day 7 post-infection, bacterial loads in the colon have been found to peak around 109 CFU/g.  

6.2.1. LAB MEDIA: LAB MEDIA- 50222_Vallance_Figure2.pptx (Video Editor: with “luminal contents” please highlight/indicate the “lumen” text and/or data points; with “cecal” please highlight/indcate the “cecum” text and/or data points; with “colonic tissues” please highlight/indicate the “colon” text and/or data points; with “bacterial loads in the colon … 109 CFU/g” please highlight/indicate the colon text and/or data points and 109 on the y-axis)
6.3. Most of the pathology observed during C. rodentium infection in C57BL/6 mice occurs in the distal 2 cm of the colon. Macroscopically, by day 7 post-infection, a thickening of the colonic mucosa as well as a shortening in length of the colon is observed. Normally during infection, C57BL/6 mice suffer only moderate inflammation and pathology as characterized histologically by immune cell infiltration, elongation of colonic crypts and goblet cell depletion.
6.3.1. LAB MEDIA: LAB MEDIA- 50222_Vallance_Figure3.pptx (Video Editor: with “by day 7 post-infection” please indicate/highlight the second column of images and/or the “Day 7 post infection” text; with “as characterized .. depletion” please highlight/indicate the “hyperplasia” text and accompanying yellow bar in the bottom right image)
6.4. To further characterize the host responses mounted during infection with C. rodentium, immunofluorescence staining can be utilized to examine changes in the proteins of interest, such as the markers of proliferation, or in examining aspects of the bacterial response, such as its localization within the infected tissue. An example of this staining technique, examining the host protein ki67, a marker for cell proliferation that appears in red, and the C. rodentium protein tir, which appears in green, to examine bacterial localization at day 12 post-infection is illustrated in this figure.

6.4.1. LAB MEDIA: LAB MEDIA- 50222_Vallance_Figure4.pptx (Video Editor: if possible, with “examining .. in red” please highlight the red staining in both images; with “the C. rodentium… in green” please highlight the green staining in the right image)
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
7. 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.
7.1. Ho Pan Sham: Once mastered, this technique can be done in minutes if it is performed properly.

7.2. Ganive Bhinder: While attempting this procedure, it’s important that the gavaging technique is performed properly to ensure that the mice are infected and that the animal’s health is monitored throughout the course of the infection.

7.3. Bruce Vallance: Over the last 10-15 years, the C. rodentium model has become the gold standard for the modeling of attaching and effacing bacterial pathogens like EPEC (TEXT: EPEC: Enteropathogenic E.coli) and EHEC (TEXT: EHEC: Enterohemorrhagic E. coli).  Moreover, it has become a well-recognized model for studying mucosal immune responses, such as Th17 T cell development in response to bacteria.  
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.  

50222 Vallance_Procedural Narrative.pptx – procedural narrative storyboard
4.9 - 50222 Vallance_CFU formula.pptx. – Formula for calculating CFU/g

LAB MEDIA- 50222_Vallance_Figure1.pptx – barrier permeability assessment via FITC-dextran

LAB MEDIA- 50222_Vallance_Figure2.pptx – bacterial load assessment at D7 post infection

LAB MEDIA- 50222_Vallance_Figure3.pptx – H&E images of control and infected C57BL/6 mice

LAB MEDIA- 50222_Vallance_Figure4.pptx – imagining of proliferation and C. rodentium localization in distal colonic control and uninfected sections
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.
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