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Title: Visualization of Streptococcus pneumoniae Within Cardiac Microlesions and Subsequent Cardiac Remodeling
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____No_____  
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___No_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. ____The Entire Step 1______of protocol .The pathology techniques used for visualization of cardiac microlesions are standard.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number. Growing bacteria to OD 620nm of 0.5, then diluting bacteria to a concentration of 1x104CFU/mL in order to infect with 100ul of 1x103 CFU/mL. To ensure success, we always quantitate bacteria from starting culture (Step 1.1,1.2, 1.3,1.3.1). Also critical is allowing the infection to proceed for at least 30 hours following infection (Step 1.4). For antibiotic rescue of septic mice, it is critical that antibiotics are administered at 30 hours. (Step 4.2)
E.  Will the filming need to take place in multiple locations? (Y/N) ___NO____ 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
The overall goal of the following experiment is to demonstrate a reproducible protocol for S. pneumoniae cardiac microlesion formation within the heart of infected mice. (Intro)  This is achieved by infecting mice with S. pneumoniae and allowing the development of bacteremia; thus giving bacteria access to the cardiac vasculature, where they can invade the myocardium and form microscopic lesions. (P1)  Then the hearts are either paraffin embedded and stained conventionally or fixed into O.C.T. compound for immunofluorescent staining. (P2)  Evaluation of the stained sections can show cardiac microlesions randomly distributed across the myocardium, collagen depositions in convalescent mice heart sections, and pneumococcal capsules within the cardiac microlesion. (P3)
Video editor:
See the PPTX file associated with the project to view the images, there are three slides.  I have pasted two here, the third shows the assembly of the syringe.
P1 – Begin with showing the test tube rack and remove one tube, use a stock pipette to transfer some content of tube to a blue-cap conical tube.  Then, use a new pipette to remove 1/10 content of this conical and add it the next conical, producing a solution that is 1/10 as orange colored.  Keep the 109 and the 108 over those two tubes, then fade in progressively fainter conical tubes with 107and so forth to a tube that is clear and marked 104.  From that last clear tube animate the syringe taking an aliquot and injecting it into the mouse.

P2 – Working with the third PPTX slide, just animate the heart slice going onto the slide graphic and that slide shrinking down to be on the stage of the microscope.

P3 – First show fig 1, then fig 2 mid-way through the statement.
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Carlos Orihuela: Demonstrating the procedure is Armand Brown, s graduate student from my laboratory. 
1.2. Armand Brown: Though this method can provide insight into the cardiac damaging effects of S. pneumoniae during invasive pneumococcal disease in mice, it can also be applied to cardiac samples isolated from other systems, such as non-human primates and humans.
Protocol (read by voice talent at JoVE):
2. Infection 
2.1. Begin with growing up the S. pneumoniae serotype 4 strain TIGR4 in Todd-Hewitt broth to an optical density of 0.5 at 620 nanometers. (TEXT: 108 CFU / ml)
2.1.1. WID: removing bacteria o incubator

2.1.2. MED: taking sample from culture and testing on spectrophotometer

2.2. When at the correct density, pellet the culture at 3,500 G for 10 minutes.  

2.2.1. MED: setting up the centrifugation parameters, running cycle

2.3. Then, remove the supernatant using a vacuum line and re-suspend the bacteria with sterile PBS at 10 thousand colony forming units per milliliter.

2.3.1. ECU: aspirating supernatant

2.3.2. CU: adding PBS to pellet and resuspending cells

2.4. Now, anesthetize 10-12 week old BALB/c mice (TEXT: 2.5% vaporized isoflurane in oxygen) and confirm their anesthetized state with a gentle toe pinch from a pair of blunt tweezers. 

2.4.1. MED: removing mouse from gas chamber and setting up to test reflexes

2.4.2. CU: reflex test, no response

2.5. Load a syringe with the bacterial suspension and attach a 27-30 gauge needle. 

2.5.1. MED: loading syringe, attaching needle (Videographer, take note: this is essentially a no comment required scenario (NC) and NC will be repeated as an instruction)

2.6. Then, take hold of an anesthetized mouse by its scruff with one hand while intraperitoneally injecting 100 µl of suspension using the other hand.

2.6.1. CU: gripping mouse for injection

2.6.2. ECU: performing injection, location and speed of injection should be seen

2.7. Place each mouse back into its cage.  

2.7.1. MED: NC

2.8. The mice typically awaken 30 to 40 seconds after the injection.

2.8.1. CU: mouse awakening in cage
2.9. Armand Brown:  Getting the dose of S. pneumoniae correct is critical or the mice can recover from the infection or succumb to invasive pneumococcal disease too quickly for lesions to develop.  Since each bacterial strain has different levels of virulence it may take trial and error to identify the correct dose.

2.9.1. WID: interview

2.10. Allow the infection to proceed for at least 24 hour to an early stage, or to 30 hours for an advanced stage infection.  

2.10.1. WID: loading cart with several mouse cage (injected mice), rolling away to return mice to colony

2.10.2. CU: injected mice in cage, on cart, behaving normally

2.11. Later, euthanize each infected mouse. (TEXT: carbon-dioxide asphyxiation followed by cervical dislocation) First take a blood sample.  Disinfect the tail with an alcohol swab and snip off a 2-3 millimeter section.  Collect 2 µl of blood from the snip site.

2.11.1. WID: swabbing mouse tail

2.11.2. CU: snipping tail
2.11.3. [combined with 2.11.2] ECU: collecting blood sample 

2.12. Serially dilute the blood 10-fold in PBS containing sodium heparin at 1 Unit per milliliter.   Plate five levels of dilutions on tryptic soy blood agar plates and incubate them overnight - the next day take colony counts.
2.12.1. MED: taking aliquot of PBS + Heparin
2.12.2. CU: adding PBS + Heparain to blood sample

2.12.3. MED: making serial dilution

2.13. Proceed with harvesting the heart, as described in the next section.

2.13.1. MED: setting up mouse for tissue harvest

2.14. Alternatively, 30 hours post-infection, attempt to rescue the mouse by administering ampicillin intraperitoneally (TEXT: 80 mg Amp / kg) in 100 µl of saline.  

2.14.1. MED: talent loading syringe with ampicillin

2.14.2. CU: injecting living mouse with ampicillin

2.15. Continue providing ampicillin every 12 hours for 36 hours and collect hearts at the desired time points.

2.15.1. WID: preparing syringe of ampicillin at a later time point, talent should look different from pervious shot

2.15.2. MED: injecting mouse
3. Visualization of Cardiac Lesions and Pneumococci within Lesions
3.1. First, harvest the heart.  Immobilize a euthanized mouse in a supine position on a surgical platform and spray the chest with 70% ethanol and pat dry. 

3.1.1. Reuse 2.13.1

3.1.2. CU: taping mouse down and cleaning off chest

3.2. Using surgical scissors and forceps, open the chest cavity, remove the rib cage, and transect the diaphragm to expose the heart and lungs. 
3.2.1. [combined with 3.3.1] ECU: NC

3.3. Then, cut the blood vessels connected to the heart and use forceps to gently excise the heart without bruising.

3.3.1. ECU: NC

3.4. Rinse the heart with PBS and place it into a tissue specimen collection cassette for coronal sectioning. Then, transfer the cassettes to 10% buffered-formalin solution, and on the following day send for paraffin embedding.  


3.4.1. CU: setting heart into container, rinsing it off with PBS

3.4.2. CU: moving heart to cassette 

3.4.3. MED: embedding the cassette in formalin solution
3.5. Another option is to flash freeze the heart using O.C.T. compound.

3.5.1. ECU: setting heart in OCT in mold on dry ice

3.6. Section the heart so the four heart chambers are in each tissue section.  Make the section thickness five microns.

3.6.1. MED: setting up embedded heart for sectioning

3.6.2. ECU: orienting and then slicing block

3.7. Then, stain the sections with H&E and view them using light microscopy.  

3.7.1. CU: stained slides being loaded into slide carrier

3.8. Characterize the hearts for the presence of microlesions in the myocardium. 

3.8.1. WID: setting up stained slide to view under light microscope
3.9. At early stages, cardiac lesions can be identified by their change in color appearance, and in some instances, the presence of immune cells.

3.9.1. LAB MEDIA: Fig 1 – left side panel, pan around within image, like searching the slide

3.10. In advanced lesions, immune cells will be absent and large vacuole-like lesions are found in their place.

3.10.1. LAB MEDIA: Fig 1 – right side panel, pan around within image, like searching the slide
4. Immunofluorescent Microscopy for Pneumococci Within Microlesions 
4.1. Using a five micron cardiac section on positively-charged glass slides, first, freeze the sections.  Then thaw them and allow them to air dry. 

4.1.1. WID: removing slides from freezing

4.1.2. CU: setting up slides to dry

4.2. Fix the slides in 10% neutral buffered formalin for 10 minutes at 25 ºC.

4.2.1. MED: action described and show stock bottle labels

4.3. Then, remove the fixative with three washes in PBS for five minutes per wash.

4.3.1. MED: show technique for one wash

4.4. Follow by permeabilizing the tissue with 0.2% Triton X-100 in PBS for 15 minutes. 

4.4.1. MED: action described and show stock bottle labels

4.5. Remove the detergent with three more washes in straight PBS.

4.5.1. MED: like 4.3.1 (same shot can be used as step 4.3.1 and all other wash steps)
4.6. Then, block the tissue with 10% goat serum in PBS for an hour.

4.6.1. MED: action described and show stock bottle labels

4.7. After a rinse in PBS, cover the section with antiserum (TEXT: 1:1000 Ab in PBS + 10% goat serum) for two hours at 37 ºC.  

4.7.1. MED: setting up antiserum bath, labeled 

4.8. Treat negative controls with naïve rabbit antiserum.

4.8.1. MED: setting up rabbit antiserum bath, labeled, next to other bath, and placing slides into appropriate baths
4.9. Armand Brown: Because cardiac tissue readily absorbs the immunofluorescent stain FITC, leading to high background levels, the concentration and incubation time for different types of antibodies will like need to be tweaked. 

4.9.1. WID: interview at hood (can be spliced into the corner of screen while showing 4.8 shots)

4.10. Two hours later, wash the antiserum away with PBS.

4.10.1.  MED: NC  (use 4.3.1)
4.11. Then, replace the solution with the secondary antibody (TEXT: 1:2000 goat anti-rabbit FITC-conjugated Ab) and let the slides incubate at 37 ºC for another 30 minutes.

4.11.1. MED: replacing solutions

4.11.2. MED: setting up slides in incubator

4.12. Now, apply DAPI at 5 milligrams per milliliter and wash the slides with PBS.   

4.12.1. MED: adding DAPI, show labeled stock bottle and duration in DAPI before washing 

4.12.2.  [added] Timer Step

4.13. Finally, mount the slides in FluorSave and image them with confocal microscopy.

4.13.1. CU: adding mounting media and coverslip to a slide.
5. Collagen Deposition Detection
5.1. Begin with removing the paraffin from and hydrating the tissue sections.  Use xylene washes followed by a graded series of alcohol washes.  (Alternate take recorded - Alex)

5.1.1. WID: loading slides into a xylene wash

5.1.2. MED: moving from xylene to xylene, series of alochol baths set up too, all baths labeled

5.2. Then, bathe the sections in 0.2 percent phosphomolybdic acid for five minutes, followed by a five minute water rinse.

5.2.1. MED: moving slides from last alcohol bath to 0.2% phosphomolybdic acid

5.2.2. MED: moving from 0.2% phos. bath to water bath

5.3. Next, stain with 0.1 percent Sirius Red in picric acid for two hours.

5.3.1. CU: setting up sirius red bath, setting slides into it

5.4. Then, wash the sections in 0.01 N hydrochloric acid for three minutes and rinse them in 70 percent ethanol for a minute.

5.4.1. MED: moving slides between HCl baths, all labeled

5.4.2. MED: pouring 70% ethanol bath and moving slides into it

5.5. Now, dehydrate the sections by reversing the graded alcohol bath series, followed by xylene washes.  Using light microscopy, mount and evaluate the slides. 

5.5.1. MED: Like 5.1 in reverse, moving slides from ethanol to ethanol bath

5.5.2. CU: mounting a slide after dehydration
6. Cardiac Pathology of S. pneumoniuae-Challenged and Rescued Mice
6.1. Mice developed IPD following a challenge with the TIGR4 strain. Cardiac microlesions were observed in the ventricles and an increase in lesion size and number was noted between 24 and 30 hours post-infection.  

6.1.1. FIG 1

6.2. To check that S. pneumoniae were indeed within the lesions, sections were stained for the serotype 4, capsular, polysaccharide produced by TIGR4. This confirmed the presence of tightly packed and dense aggregates within the microlesion sites. 

6.2.1. Fig 2

6.3. Picro Sirius Red staining was performed on cardiac sections from mice that had been rescued with ampicillin and uninfected controls.  In rescues, there was a dramatic increase in the presence and intensity of the stain, with bands streaming from what appear to be former lesion sites in the ventricles.

6.3.1. Fig 3
7. Conclusion (said by authors on camera) 
7.1. Armand Brown: While attempting this procedure, it’s important to remember to infect mice with sufficient CFUs of S. pneumoniae to allow the infection to proceed for at least 28-30 hours so that bacteremia and cardiac microlesions have enough time to form. 
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.
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