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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? Y
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? 
2.6., 2.7., 2.8., 3.5., 3.6., 3.7.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 3.6., 3.7. When poking a hole in the trachea it is critical to poke deep enough to reach the middle of the trachea without poking through the bottom of the trachea. A common mistake is poking through the surrounding connective tissue rather than through the trachea. To avoid this, we check to make sure the rings of the trachea are visible above the cannula. If so, the cannula is in the trachea and inflation should work. 
E. Will the filming need to take place in multiple locations? Y, 2 locations >0.25 miles apart
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 protocol is to quantify the pulmonary fungal burden in mice with invasive aspergillosis by histological analysis. (Intro)
B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Steve Templeton: This method can help answer key questions in the fungal pathogenesis field about protective and detrimental host response mechanisms and key fungal virulence factors. 
1.2. Steve Templeton: The main advantage of this technique is that existing histological samples can be used to obtain fungal burden with comparable results to quantitative PCR amplification of lung fungal DNA.  
C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.3. Dylan Stolz: Although this method can provide insight into invasive aspergillosis, it could also be applied to other disease studies in which pathogens can be differentially stained within host tissues. 
1.4. Nansalmaa Amarsaikhan: We first had the idea for this method when we began thinking of alternative methods for quantifying lung fungal burden with less variability than standard fungal burden DNA quantitative methods. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.5. Steve Templeton: Demonstrating the infection and harvest procedures will be Angar Tsoggerel, a research technician. 
1.5.1. Interview style: Author saying the above 

1.5.2. 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)
1.6. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Indiana State University, the host campus of Indiana University School of Medicine-Terre Haute.
Protocol: (read by voice talent at JoVE)
2. Aspergillus Fumigatus Conidia Infection
2.1. Twenty-four hours before the infection, deplete the neutrophils in each experimental 7-10-week-old mouse with 0.5 mg of anti-mouse-Ly-6G (Pronounce: lie-six-G) antibody in sterile saline [1-WIDE] delivered intraperitoneally at a 45° angle into the lateral lower right quadrant of each animal [2-CU] and return the mice to their cages [3-MED].
2.1.1. Few seconds Talent loading syringe

2.1.2. Few seconds antibody being injected into lower right quadrant (Shot may be used again)
2.1.3. Talent placing mouse into cage

2.2. The next morning, pour 1.5 grams of 0.5-mm glass beads onto an A. fumigatus conidia culture plate [1-MED-over the shoulder-TXT] and gently tilt the plate back and forth until the beads are coated with the fungus [2-CU].

2.2.1. Talent pouring beads onto plate
2.2.2. Few seconds plate being tilted

2.3. Collect the conidia-coated bead mixture into a 15-mL conical tube [1-MED] and suspend the beads in 5 mL of DPBS [2-CU].
2.3.1. Few seconds Talent adding beads to tube

2.3.2. Few seconds DPBS being added to tube, with DPBS container label visible in frame

2.4. Vortex the beads to detach them from the fungus [1-CU] and count the conidia in a 50x dilution of supernatant on a hemacytometer [2-MED].
2.4.1. Few seconds tube being vortexed

2.4.2.  Few seconds Talent counting conidia
2.5. Dilute the conidia to a 1x108 conidia/mL of DPBS concentration [1-CU-TXT] and load 50 microliters of conidia solution per mouse into individual micropipettes [2-MED].
2.5.1. Few seconds DPBS being added to tube, with DPBS container label visible in frame

2.5.2. Few seconds Talent adding conidia to tube(s)

2.6. After confirming a lack of response to toe pinch [1-ECU], place the first anesthetized mouse on a slant board in the supine position [2-MED-TXT] and gently restrain the upper incisors with a rubber band [3-ECU] and the lower incisors with a metal wire [4-ECU].
2.6.1. Toe being pinched

2.6.2. Few seconds Talent placing mouse (Videographer: More Talent than mouse in shot) (TEXT: Anesthesia: 99.9% isoflurane)

2.6.3. Few seconds upper incisors being restrained [Shots 2.6.3 and 2.6.4 combined]
2.6.4.  Few seconds lower incisors being restrained
2.7. Then use small forceps to carefully hold the tongue at full extension [1-CU] and deliver 50 microliters of the conidia solution to the base of the tongue [2-ECU/CU].

2.7.1. Tongue being grasped/extended [Shots 2.7.1, 2.7.2, and 2.8.1 combined] (Author Comment: There are 2 takes – the clicking noise is more distinct in the second take)
2.7.2. Few seconds suspension being delivered (Shot will be used again)

2.8. Keeping the tongue at full extension, listen for rapid breathing and the distinct clicking noise of aspiration for 20 seconds or until the suspension is fully aspirated [1-ECU].
2.8.1. Few seconds suspension being aspirated (Videographer: please capture breathing/clicking sound as possible)(Video Editor: please use breathing/clicking sounds as possible)

2.9. Then gently return the mouse to its cage with monitoring until full recumbency [1-MED] and infect the next animal [2-CU].

2.9.1.  Talent placing mouse into cage

2.9.2.  Use 2.7.2. suspension being delivered

2.10. When all of the mice have been infected, inject a subset of the animals with an antifungal agent [1-MED-TXT] and repeat the neutrophil depletion in all of the animals 24 hours post-infection [2-CU].

2.10.1.  Few seconds Talent injecting one animal

2.10.2.  Few seconds lower right quadrant being injected (Can use 2.1.2. if mouse abdomen looks same 24 h after procedure)

3. Mouse Lung Harvest and Preservation
3.1. Three days after administering the fungus, place the first mouse in the supine on a foam board covered with an absorbent pad [1-WIDE-TXT], ensure that mouse is euthanized with toe pinch [3.1.1A], and disinfect the hair with 70% ethanol [2-CU].
3.1.1. Talent placing mouse onto board (Videographer: More Talent than mouse in shot) (TEXT: Euthanasia: 0.1 mL pentobarbital i.p.)

3.1.1A. [Added Shot]: Insert video of toe pinch (2.6.1)

3.1.2. Few seconds ethanol being applied

3.2. After securing the limbs, use scissors to carefully open the upper chest cavity [1-CU], cutting away the rib cage to expose the lungs and heart [2-ECU].

3.2.1. Few seconds skin incision being made

3.2.2. Few seconds ribs being cut/heart and lungs being exposed

3.3. Cut the arteries descending from the heart, taking care to avoid cutting other blood vessels or puncturing any organs [1-CU], and use a 5-mL syringe equipped with a 25-gauge needle held at a 45° angle to slowly perfuse 5 mL of cold DPBS into the right ventricle of the heart [2-CU].
3.3.1. Few seconds arter(ies) being cut

3.3.2. Few seconds heart being perfused
3.4. After perfusion with 5 mL of 10% formalin in the same manner [1-CU], carefully expose the trachea [2-ECU] and detach the surrounding fat pads, taking care not to puncture the trachea [3-CU].

3.4.1. Few seconds syringe being loaded with formalin, with formalin container label visible in frame

3.4.2. Shot of exposed trachea (Move to 3.5.1)
3.4.3. Few seconds fat pad(s) being detached (Author Comment: This is shown in step 3.5.1)
3.5. Elevate the exposed trachea with forceps [1-CU] and use a 25-gauge needle to poke a hole into the upper trachea [2-ECU].
3.5.1. Few seconds trachea being elevated (Author Comment: Use video for 3.4.2)
3.5.2. Few seconds hole being poked

3.6. Carefully insert a cannula through the hole towards the lungs [1-CU] and tie a surgical thread loosely around the trachea to secure the cannula [2-CU].

3.6.1. Few seconds cannula being inserted

3.6.2. Few seconds suture being placed

3.7. Use a 1 ml syringe to inflate the lungs with 1 mL of 10% formalin buffer through the cannula [1-CU-TXT] and quickly but carefully remove the cannula [2-ECU].

3.7.1. Few seconds lungs being inflated (TEXT: Adjust cannula/repeat administration if lung inflation not visible) [Shots 3.7.1, 3.7.2, and 3.8.1 combined] (Author Comment: Shots combined because the cannula must be removed and the thread must be tightened immediately after inflating the lungs.)
3.7.2. Few seconds cannula being removed
3.8. Tighten the surgical thread to seal off the trachea [1-CU] and gently pull on the thread to disconnect the connective tissue, allowing the lungs and trachea to be harvested [2-CU].
3.8.1. Few seconds suture being tightened

3.8.2.  Few seconds thread being pulled/lungs and trachea being harvested
3.9. Place the tissues in a 50-mL conical tube containing 15 mL of 10% formalin buffer with one end of the thread outside of the tube [1-MED].
3.9.1. Talent placing tissues into tube
3.10. Then seal the cap and invert the tube to completely submerge the sample in fixative for at least 24 hours [1-CU].
3.10.1.  Few seconds tube being inverted with string outside of tube visible in frame 
4. Light Microscopy Imaging and Fungal Burden Calculation
4.1. To image the harvested tissue, first open an appropriate imaging quantification program [1-WIDE] and use a light microscope to obtain at least 4 distinct fields of in each Gomori’s modified methanamine silver, or GMS (Pronounce: G-M-S), -stained slide under the 10X objective [2-MED-over the shoulder-TXT].

4.1.1. Few seconds Talent opening software

4.1.2. Few seconds Talent at microscope, imaging tissue (TEXT: See text for tissue sectioning/staining details)
4.2. Ensure that the images are representative of the infected airways within the lung [1-SCREEN] and that they exhibit a similar tissue density [2-SCREEN].

4.2.1. *To be provided by Authors: Shot of representative infected airway (Author Comment: This has been added to the File Uploader (4.2.psd))
4.2.2. *To be provided by Authors: Side-by-side shot of two sections both exhibiting similar tissue density (Author Comment: This has been added to the File Uploader (4.2.2.psd))
4.3. “If the experimental groups have large differences in the number of infected fields as calculated by the GMS staining, additional fields should be imaged, quantified, and included in the final calculation of the fungal burden.” [1-MED-interview style]
4.3.1. Dylan Stolz, speaking the above interview style (looking just off-camera)
4.4. To add scale bars to the images, under the Edit menu, select “Add-Edit Calibration Marks” and select the line thickness, color, and scale bar size [1-SCREEN].
4.4.1. *To be provided by Authors: Add-Edit Calibration Marks being selected, then line thickness, color, and scale bar size being selected (Author Comment: This has been added to the File Uploader)
4.5. Click on the image where the scale bar is to be placed. Then open the Edit menu and select “Merge” and “Merge Calibration Marks” to add a scale bar to each image and save the images into the appropriate experimental group folders [1-SCREEN].

4.5.1. *To be provided by Authors: Image being clicked, Edit menu being opened, Marge and Merge Calibtration Marks being selected/scale bar(s) being added, then shot of images being saved (Author Comment: This has been added to the File Uploader)
4.6. To calculate the fungal burden in each animal, open an appropriate image processing program [1-MED] and open the first folder of images [2-SCREEN].

4.6.1. Few seconds Talent opening program, with monitor visible in frame

4.6.2. *To be provided by Authors: Folder being opened (Author Comment: This has been added to the File Uploader)
4.7. Under the Image menu, select “Type” and “RGB Stack” to convert the images [1-SCREEN].

4.7.1. *To be provided by Authors: Type and RGB Stack being opened/image(s) being converted (Author Comment: This has been added to the File Uploader)
4.8. Using the right arrow key, select the second of the three images and depress “control-shift-T” to open the “Threshold” menu settings adjustor [1-SCREEN].
4.8.1. *To be provided by Authors: Second image being selected, then Threshold menu settings adjustor being opened  (Author Comment: This has been added to the File Uploader)
4.9. Locate the original .tiff or .jpg image as a reference and open the image with an image viewing program [1-SCREEN].
4.9.1. *To be provided by Authors: Original image being opened, then image being opened in image viewing program (Author Comment: Use second take with red threshold present)
4.10. “When selecting the threshold value, it is critical to be able to view the original image so that the selected area is representative of the fungal hyphae and to ensure consistency between samples.” [1-MED-over the shoulder]
4.10.1.  Dylan Stolz, speaking the above interview style (looking just off-camera)
4.11. Move the top slider all the way to the left and adjust the bottom slider until the selected red area is representative of the microscopy image [1-SCREEN-TXT].

4.11.1.  *To be provided by Authors: Few seconds top slide being moved, then bottom slider being moved (TEXT: Range typically 130-160) (Author Comment: This has been added to the File Uploader)
4.12. Click “Set” and “OK” and select “Analyze” and “Set Measurements”, checking “Area, Area Fraction, Limit to Threshold, Display Label” and leaving the bottom settings as default [1-SCREEN].

4.12.1.  *To be provided by Authors: Set and Ok being clicked, then Analyze and Set Measurements being selected, then Area, Area Fraction, Limit to Threshold, Display Label being checked (Video Editor: please indicate bottom settings at default when mentioned as appropriate) [Shots 4.12.1 and 4.13.1 combined]
4.13. Click OK and select “Analyze” and “Measure”. The “Results” should appear [1-SCREEN-TXT].

4.13.1.  *To be provided by Authors: Ok being clicked (TEXT: Exclude significant areas of white space/background staining w/ area/polygon tool), then Analyze and Measure being selected, then Results appearing (Author Comment: This has been added to the File Uploader)
4.14. Then export the data to a data analysis program for graphing and statistical analysis and enter the mean of the four or more area percentages for each lung sample [1-SCREEN-TXT].

4.14.1.  *To be provided by Authors: Few seconds data being exported, then mean being entered (TEXT: Repeat for each image) (Author Comment: This has been added to the File Uploader)
5. Results: Representative Survival, Fungal Burden, and Fungal Clearance in a Mouse Model of Invasive Aspergillus Infection
5.1. As this representative survival graph demonstrates [1-LM], eosinophil-deficient mice with invasive aspergillus treated with an anti-fungal agent [2-LM] post-infection exhibit an increased survival compared to wild-type animals [3-LM].
5.1.1. Figure 4.psd: no animation
5.1.2. Figure 4.psd: please trace/indicate blue data line

5.1.3. Figure 4.psd: please add asterisks as in original Figure 4

5.2. Representative GMS staining from neutropenic wild-type [1-LM] and eosinophil-deficient mice with invasive aspergillus [2-LM] reveals a near total fungal clearance in anti-fungal agent-treated knock out mice [3-LM] that is not reciprocated in wild-type animals, with [4-LM] or without anti-fungal treatment [5-LM].

5.2.1. Figure5.tif: please outline/indicate top row of images
5.2.2. Figure5.tif: please outline/indicate bottom row of images

5.2.3. Figure5.tif: please indicate bottom right image

5.2.4. Figure5.tif: please outline/indicate top right image 

5.2.5. Figure5.tif: please outline/indicate top left image 
5.3. Further, quantitative PCR [1-LM] and manual light microscopy GMS quantification as just demonstrated [2-LM] both confirm that anti-fungal agent treatment results in the most significant fungal burden decrease between wild-type and eosinophil-deficient mice [3-LM].

5.3.1. Figure 6 AB.psd: please indicate left table

5.3.2. Figure 6 AB.psd: please indicate right table

5.3.3. Figure 6 AB.psd: please add brackets and asterisks over +Caspo data bars as in original Figure 6A and 6B
5.4. However, in untreated mice, only GMS quantification determined a significant decrease in eosinophil-deficient mice in this experiment [1-LM]. 
5.4.1. Figure 6 AB.psd: please add bracket and asterisk over Untreated data bars in GMS table 
5.5. When the mean areas of whole-lung GMS-stained sections are calculated under 4X magnification [1-LM], the differences are similar to the results obtained with foiur representative 10X fields, although with less statistical significance [2-LM].

5.5.1. Figure 6 C.psd: no animation
5.5.2. Figure 6 C.psd: please add/trace/indicate brackets and asterisks

5.6. Similar survival, fungal burden, and fungal clearance results are also observed in gamma-delta T cell-deficient mice treated with the same anti-fungal agent.

5.6.1. Figure 7 ABCD.psd: please add brackets and asterisks to top left and right graphs as in original Figure 7
6. Conclusion (said by authors on camera):
6.1. Dylan Stolz: While attempting this procedure, it’s important to remain consistent when taking pictures of the histological sections and when adjusting the threshold value to obtain comparable results. 
6.2. Dylan Stolz: Following this procedure, other methods involving the histological analysis of samples with clear differences between target and background staining can be performed to answer additional questions related to disease pathology in the lung and other tissues.

6.3. Nansalmaa Amarsaikhan: After watching this video, you should have a good understanding of how to infect mice with fungal conidia by involuntary aspiration and how to measure fungal growth in lung tissue sections via image processing software. 
6.4. Dylan Stolz: Don't forget that working with Aspergillus fumigatus and Gomori’s modified methanamine silver stain can be extremely hazardous and that precautions, such as wearing personal protective equipment and working under a well-ventilated hood, should always be taken while performing this procedure.  
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

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

3.1.2. 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. 
Figure 4.psd 
Figure5.tif
Figure 6 AB.psd
Figure 6C.psd
Figure 7 ABCD.psd
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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