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Title: 4D Multimodality Imaging of Citrobacter rodentium Infections in Mice
Videographer: The work outlined in this script will be performed in the Cat II laboratories in the Flowers building and our animal house. The travel time is approximately 15 minutes between locations.

Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to monitor the C. rodentium infection cycle using composite Diffuse Light Imaging Tomography with integrated µCT (pronounce “micro CT”) to create a 4D movie of the infection. (Intro) This is accomplished by first preparing a bioluminescent bacterial innoculum. (P1)  The second step of the procedure is to infect mice by oral gavage with C. rodentium. (P2)  The infected mice are then imaged daily using DLIT-µCT (pronounce “De-light micro CT”)  (P3) and the final steps are to reconstruct the 3D DLIT- µCT data and compile it into a 4D movie of the infection cycle. (P4)  Ultimately, results can show the change in bacterial load, distribution and localization through the 4D multimodality imaging of infected mice. (P5)
Video editor:

P1 – animate the syringe being filled by the rainbow liquid.

P2 – animate the syringe entering the mouse’s mouth and then ejecting the psychedelic potion.

P3 – the mice are in the black box.  Have the bubble show up and then add the five rectangular images of mice with ovals and grids.  Add them consecutively.

P4 – Instead of showing the movie camera on the animated screen, consecutively show the images of the mice skeleton in P5 on the screen. 

P5 – Don’t show the illustration for P5, instead zoom into animated screen in P4 and show movie from results section on it.  Change its speed to keep time with the narration.
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1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Gadi: Demonstrating the procedure will be Dr James Collins, a post doc from my laboratory.
Protocol Chapters (read by a voice talent at JoVE):
Video Editor: The author has uploaded both .mp4 and .mov files for some of the shots – he thinks the .mov files look better than the .mp4, so when both exist, please use the .mov files. For other shots, he thought the .mp4 files looked okay, but if you need him to make .mov files of these, please contact him (James Collins: j.collins@imperial.ac.uk). 

2. Preparing the Bacteria

2.1. In the late afternoon, on the day before the infection, set out a cryovial of C. rodentium, strain ICC180, to thaw.
2.1.1. WID: talent arrives at bench with cryovial to thaw

2.1.2. CU: setting the cryovial on the bench, label is clear and visible

2.2. As soon it has thawed, add one cryobead of bacteria to 15 ml of LB with Kanamycin.  (TEXT: 50 µg Kan / ml) 
2.2.1. MED: moves a bead from the vial into a universal tube with 15 ml LB solution
2.3. Then, set the culture to grow overnight at 37 ºC with shaking at 220 rpm.   Also, culture 15 mL of un-inoculated LB to control for medium contamination.
2.3.1. WID: places both universals into a shaker, in an incubator
2.3.2. MED: starts the shaker and closes the incubator door
2.4. The next morning, if the un-inoculated control is not turbid, transfer the inoculated culture to a 50 mL tube and centrifuge it at 4,000 rpm for 10 minutes at 4 ºC.  

2.4.1. WID: Talent checking the translucency of a universal of LB, just removed from incubator
2.4.2. MED: loading a 50 ml tube with a turbid culture solution
2.4.3. WID: loading tube into a centrifuge
2.5. Bring the pellet back up in a volume PBS and repeat the centrifugation.  Then, thoroughly resuspend the cells in 1.5 ml of PBS to create the bacterial inoculum.
2.5.1. CU: tube after centrifugation, a visible pellet of bacteria at the bottom, 1.5 ml of solution added on top
2.5.2. Reuse 2.4.3
2.5.3. MED: talent mixing pellet into the solution, until fully mixed
2.6. To verify that the ICC180 culture is bioluminescent and to estimate the number of bacteria, image the culture in the IVIS Spectrum CT using open filter bioluminescence imaging, and use the auto setting in the Living Image 4.3.1 wizard. This is described in detail in a previously published video.  (TEXT: Chang et. al.,  J.Vis. Exp. 48, doi:10.3791/2547 (2011).)
2.6.1. Use footage of video 2547: from 4:24
2.6.2. Use video 2547: from 5:29 
2.6.3. Use video 2547: opening title (or else put the TEXT over some of the 2.6.2 video)

3. Infecting of Mice with Bioluminescent C. rodentium 
3.1. To demonstrate infection, 4 mice are infected with bioluminescent C. rodentium and 1 mouse is used for a mock infection with PBS. (TEXT: Use up to 8 mice per group, per treatment condition). Prior to performing the infection, anaesthetise the mice with 3% isofluorane using an XGI-8 Anaesthesia System to provide humane restraint.
3.1.1. WID and CU: talent loading all five mice into XGI-8. (Video Editor: Author says to use whichever shot (WIDE or CU) looks best.)
3.1.2. MED: talent adding another mouse to the XGI-8

3.2. While the anesthesia takes hold, thoroughly mix the bacterial inoculum and draw a known number of bacteria in 0.2 ml into a syringe for oral gavage.  (TEXT: ~ 5x109 cfu, empirically determined)

3.2.1. MED: mixing the bacterial inoculum and drawing some into the syringe

3.2.2. CU: syringe/needle in detail as it is filled up, showing the turbidity of the innoculum

3.3. Now, retrieve the first mouse with a firm grip on its scruff.

3.3.1. WID and CU (steps 3.3-3.6.1 were performed in one shot): talent picks up a mouse from the XGI-8 and gets it in position for injection

3.4. Using a finger, gently push its head backwards to open and straighten the oesophagus. 

3.4.1. WID and CU (steps 3.3-3.6.1 were performed in one shot): opening the mouse’s mouth with the gavage needle, show opened passage

3.5. Push the needle towards the roof of the mouth, over the tongue and down the oesophagus, and inject the bacterial inoculum into the stomach. If there is resistance do not force the needle, because this will put the inoculum in the lungs.  Instead, gently re-insert the needle.

3.5.1. WID and CU (steps 3.3-3.6.1 were performed in one shot): gliding the needle into the mouth, down the esophagus

3.5.2. WID and CU (steps 3.3-3.6.1 were performed in one shot): ejecting the bacteria, show the speed at which the complete ejection of fluids is performed

3.5.3. WID and CU (steps 3.3-3.6.1 were performed in one shot): removing the needle from the mouse

3.6. Proceed with gavaging all of the test mice. Subsequently, any mice with trouble breathing or walking should be euthanized.

3.6.1. WID and CU (steps 3.3-3.6.1 were performed in one shot): talent places injected mouse in recovery space, then gets the next mouse to inject

3.6.2. MED: talent performs all the steps in 3.3-3.5, showing the complete length of time this should take

3.7. For the mock infection, gavage a mouse with 0.2 ml PBS. 
3.7.1. MED: talent performs all the steps in 3.3-3.5, showing the complete length of time this should take (Video Editor: Note from author: “We performed a step using a PBS control. There is only one mouse in this shot, but the slating will be 3.6.1&2. Please send me the footage if unsure”)
3.8. To confirm that the oral gavage was performed correctly, image the mice in the IVIS Spectrum CT using open filter bioluminescence imaging and the auto setting in the Living Image 4.3.1 wizard, as described previously. (TEXT: Chang et. al.,  J.Vis. Exp. 48, doi:10.3791/2547 (2011).)
3.8.1. footage from video 2547: 3:54 –

3.8.2. footage from video 2547: 4:18 – title card and on (or TEXT over footage)
4. Daily composite 3D diffuse light imaging tomography with integrated µCT imaging (DLIT- µCT) of infected mice

4.1. James: DLIT-µCT involves DLIT optical imaging integrated with a fast, low-radiation dose, µCT scan.  Because the dose accumulates in the animals with each imaging session, we aim to keep the dose as low as reasonably possible.  Due to these concerns, the mice should be culled at the first sign of detrimental symptoms or at the end of the µCT imaging period.  
4.1.1. MED/WID: interview shot.
4.2. For this study, optimize the parameters for imaging bacterial luciferase using the automatic exposure feature in Living Image 4.3.1.
4.2.1.  WID: talent at computer 
4.2.2. SCREEN CAPTURE: opening the Spectrum CT software, show splash screen

4.3. First select Edit, then Preferences, then Acquisition and then Auto Exposure Window.

4.3.1. SCREEN CAPTURE:  Authors, for SCREEN CAPTUREs we require that you make a video of the described computer protocol using conventionally available screen capture software.  The video file created should be of full resolution, named according to the shot number (e.g. 4_3_1.mov) and uploaded to your project folder.
4.4. Next, select Range Values followed by Experiment Time, in seconds, and set the Maximum to 300 seconds.

4.4.1. SCREEN CAPTURE

4.5. Finally, select the minimum Target Count followed by Luminescence, and set this value to 10,000 counts.

4.5.1. SCREEN CAPTURE

4.6. Once the system has been initialized, the anesthesia has been set up and the X-ray safety interlocks have been checked, proceed with anesthetizing a mouse.  Use an XGI-8 Anaesthesia System and 3% isofluorane.  

4.6.1. WID: talent checking the X-ray safety interlocks

4.6.2. MED: talent checking the flow rate of the isoflurane

4.6.3. MED: placing a mouse into the XGI-8 system  
4.6.4. Move 4.6.2 here: MED: talent checking the flow rate of the isoflurane
4.7. With the mouse ready for imaging, open the Imaging Wizard in the software. This tool automatically optimizes several parameters to provide the best possible signal to noise ratio for each selected emission filter.

4.7.1. CU: the mouse on the one-mouse platform, ready for imaging
4.7.2. SCREEN CAPTURE

4.8. When prompted by the Imaging Wizard, include the 560, 580, 600 and 620 nm emission filters.

4.8.1. SCREEN CAPTURE
4.9. Then, make sure the one mouse µCT scan is selected …

4.9.1. SCREEN CAPTURE
4.10. … and click Acquire to start the imaging. 
4.10.1. SCREEN CAPTURE

4.11. After returning the anesthetized mouse to its cage …

4.11.1. MED: placing knocked out mouse in cage

4.12. … remove the one mouse imaging platform from the Spectrum CT and disinfect the chamber using 1% Tri-gene. 

4.12.1. CU: removing mouse platform from imaging chamber and wiping the imaging chamber clean with Tri-gene solution

4.13. If needed, replace the foam pad to minimize cross-contamination risk.

4.13.1. CU: removing the foam pad the mouse was positioned on and applying a new one

4.14. Continue imaging the mice daily up to eight days post-infection, to generate the longitudinal imaging data.  Longer trial periods increase the likelihood of artifacts due to cumulative radiation exposure.
4.14.1. MED: talent closes imaging chamber
4.14.2. WID: talent returns to the computer, does something with the software
4.14.3. WID:  talent leaves the scene with the caged mouse/mice
5. 3D Reconstruction of DLIT- µCT Imaging Data

5.1. To produce high quality, reproducible 3D DLIT-μCT reconstructions can be quite difficult.  First, open Living Image software 4.3.1 and select Browse. From the browse window open the folder containing the DLIT-µCT files. 
5.1.1. WID: Talent takes a seat at the computer

5.1.2. SCREEN CAPTURE

5.2. By clicking Load, open the DLIT-µCT file in the Living Image Browser, for example “C. rodentium Day 7 post infection”.

5.2.1. SCREEN CAPTURE

5.3. In the Tool Palette select Surface Topography followed by Nude mouse.  Adjust the threshold, and then click Generate Surface.  If the surface reconstruction is successful a surface outline will be displayed in the 3D view window.  

5.3.1. SCREEN CAPTURE

5.4. To view the rendered µCT scan in the 3D view window, either hide the surface outline or decrease the surface opacity.  Both options are accessed by first selecting 3D optical tools.  Then, either unselect Display Surface Object or adjust the opacity slider bar.

5.4.1. SCREEN CAPTURE

5.5. To provide detailed anatomical localisation of the 3D DLIT reconstruction, alter the 3D volumetric data to view the skeleton with optimum contrast.  Click 3D Multimodality tools and, if not already selected, click Logarithmic Histogram, Reverse (coloring), Gradient Illumination, Quality and Denoise. Now, adjust the Histogram slider to the right until only the bones are clearly visible. 
5.5.1. SCREEN CAPTURE

5.6. If desired, crop the image to remove any unwanted structures from the 3D reconstruction.  

5.6.1. SCREEN CAPTURE
5.7. From the Tool Palette, select DLIT (pronounce “De-light”) 3D Reconstruction.  Make sure that only the 560, 580, 600 and 620 nm filters are selected.  Then, click Start.  This opens the Data Preview Window with the spectrally filtered BL signals from the mouse, imaged in 2D. 

5.7.1. SCREEN CAPTURE

5.7.2. MED: talent plugging away with the software, this shot is just to break up the monotony of watching endless screen capture

5.8. These signals are automatically thresholded by the software, but can be adjusted manually if necessary using tabs at the bottom of the menu. The threshold determines the minimum data intensity that will be included as data in the reconstruction.

5.8.1. SCREEN CAPTURE: even if there’s no need, show how to manually adjust the threshold

5.9. Next, from the Tool Palette, select the DLIT-µCT 3D Reconstruction and check the optical properties by clicking on the Properties tab. The Tissue Properties should be set to mouse tissue, the Source Spectrum set to Bacteria and the Plot set to Tissue Properties. 

5.9.1. SCREEN CAPTURE
5.10. Now, clicks reconstruct to perform the DLIT reconstruction.
5.10.1. SCREEN CAPTURE
5.11. You will notice that some of the DLIT 3D reconstruction circled in red, is obscured by the mouse’s skeleton due to a software glitch. Please note that this will not affect generation of a 3D animation. 

5.11.1. SCREEN CAPTURE (Video Editor from author: “Please add a red circle to the .mp4 file where I am circling the mouse with the cursor.”)
5.12. To generate the DLIT-µCT 3D movie go to the Tools menu and select 3D animation, Preset Animations, counter clock wise Y-axis, and then Total Duration.  Set this value to 10 seconds, or 25 frames per second.

5.12.1. SCREEN CAPTURE

5.13. Once the settings for the 3D animation are correct press Record and save the DLIT-µCT 3D reconstructions as .avi files.

5.13.1. SCREEN CAPTURE

5.14. James: It is vital to make these reconstructions using identical settings so that they are comparable.  It’s also important to make the videos using the same number of frames per second and total duration; otherwise, the timing of the 4D video is not homogenous.
5.14.1. MED/WID: Interview style shot, near computer where software is being used
6. Generation of a 4D Movie of C. rodentium Infection 
6.1. At the computer, open Windows Live Movie maker, create a new file. 

6.1.1. WID: talent at computer, opening Windows Live Movie maker

6.1.2. SCREEN CAPTURE
6.2. Insert the DLIT-µCT reconstructions in chronological order from day 1 post infection using the tools tab.
6.2.1. SCREEN CAPTURE
6.3. Add captions to the start of every video by selecting the video, selecting Home and then selecting Add Caption.  The text in the caption can be formatted from the tool bar, and the location of the caption is also adjustable.
6.3.1. SCREEN CAPTURE: make a caption with your preferred settings (Video Editor from author: “I prepared 2 versions of this screen capture, 6.3.1 (Just add 1 caption) and 6.3.1.1 (add all captions in sequence). Please use which ever looks better.”)
6.4. Now, add a title page, by clicking Home and then Title.  Type your title into the box, using the tool bar to format the text.
6.4.1. SCREEN CAPTURE
6.5. Next, save the project as an mmp file. This is essential if you want to amend the movie.
6.5.1. SCREEN CAPTURE
6.6. Finally, save the movie as a wmv file from the Movie maker menu.  Select Save movie and choose the “for computer” option.
6.6.1. SCREEN CAPTURE
7. Monitored Infection with 5 x 109 cfu C. rodentium, Strain ICC180
7.1. Controls are essential to good technique.  Prior to infecting mice the bacterial inoculum used was determined to be bioluminescent.
LAB MEDIA: Fig1A 
7.2. After the oral gavage with bioluminescent C. rodentium, it was checked weather the signal could be observed in the stomach of the animal and absent from the lungs.  The same mouse will be shown in subsequent examples of an individual infection.
LAB MEDIA: Fig. 1B
7.3. C. rodentium is an extracellular pathogen confined to the intestinal lumen during the demonstrated infection. It is thus, shed in the feces, which were analyzed to show that colonization increases from day 2 to day 6 or 7, when the infection peaks.
LAB MEDIA: Fig 2.
7.4. Daily DLIT-µCT was used to evaluate the spatial distribution of bioluminescent bacteria within this mouse, using the skeleton as an anatomical reference. At day 3 post-infection small bioluminescent foci were observed in the colon.
LAB MEDIA: Fig3, day 3 data 

7.5. These foci exhibited a moderate increase in bioluminescence intensity by day 5 post infection with little change in spatial distribution. 
LAB MEDIA: Fig3, day 5 data

7.6. At day 7 post infection there was a significant increase in bioluminescence and the bioluminescent foci spread across the entire colon.
LAB MEDIA: Fig3, day 7 data

7.7. 3D DLIT- µCT reconstructions, from days 1 to 8 post-infection, illustrate the spread of the C. rodentium infection.  The bacterial infection begins as distinct foci within the proximal gastrointestinal tract.  By day 3 the infection spreads to the colon.  Over the next few days the foci of infection spread further, growing in size and number.  The infection hits its peak on day 7.  Then, on day 8, the colonies were reduced to two distinct bacterial foci in the proximal and distal colon. 
LAB MEDIA: Video 1 

Video editor: change the speed up the video to match the dialogue segments to the portions they describe.  This should be easy because each sentence if the dialogue points to the headings that are clearly seen in the video. 
8. Conclusion Interview (spoken by you on camera)

8.1. Gadi: After its development, this technique paved the way for researchers in the field of Infectious Disease to explore in 4D how deletion of host or bacterial genes, or intervention strategies, effect bacterial load, distribution and localisation in infected mice. (Note from one author: “Gadi adlibbed, I have no idea what he said.”)
List of Provided Media Filenames and Descriptions (fill this in)

0.1 - 50450_Frankel
4.2.2 - 50450_Frankel 

4.3.1 - 50450_Frankel
4.4.1 - 50450_Frankel
4.5.1 - 50450_Frankel
4.7.2- 50450_Frankel
4.8.1- 50450_Frankel
4.9.1 - 50450_Frankel
4.10.1 - 50450_Frankel
5.1.2 - 50450_Frankel
5.2.1 - 50450_Frankel
5.3.1 - 50450_Frankel
5.4.1 - 50450_Frankel
5.5.1 - 50450_Frankel
5.6.1 - 50450_Frankel
5.7.1 - 50450_Frankel
5.8.1 - 50450_Frankel
5.9.1 - 50450_Frankel
5.10.1 - 50450_Frankel
5.11.1 - 50450_Frankel
5.12.1 - 50450_Frankel
5.13.1 - 50450_Frankel
6.1.2- 50450_Frankel
6.2.1- 50450_Frankel
6.3.1- 50450_Frankel
6.4.1- 50450_Frankel
6.5.1- 50450_Frankel
6.5.2- 50450_Frankel
6.6.1- 50450_Frankel
6.6.1- 50450_Frankel
LAB MEDIA 50450_Frankel_Figure1A
LAB MEDIA 50450_Frankel_Fig1B
LAB MEDIA 50450_Frankel_Fig2
LAB MEDIA 50450_Frankel_Fig3 day 3 data
LAB MEDIA 50450_Frankel_Fig3 day 5 data
LAB MEDIA 50450_Frankel_Fig3 day 7 data
LAB MEDIA 50450_Frankel_Video1
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.

( 2013, Journal of Visualized Experiments


