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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of 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? 
3.3., 3.4., 4.1., 4.2., 4.3., 4.5. 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 

n/a 
E.  Will the filming need to take place in multiple locations? Y, different rooms same floor and different floors same building

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 use in vivo live imaging to track a real time trypanosome infection, visualizing the early blood to the late brain infection stages in the mouse, mimicking the clinical sleeping sickness progression. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Hollie Burrell-Saward: This method can help answer key questions in the trypanosome biology field identifying potential new therapeutic treatments and evaluating their efficacy against the infection. 

1.2. Hollie Burrell-Saward: The main advantage of this technique is that the drug evaluation can be established in 90 days, as opposed to the 180 days required for the previous wild-type model.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Theresa Ward: This protocol can provide insight into human African trypanosomiasis but is also applicable to other models of infectious diseases, such as tuberculosis or Chagas disease.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving animal subjects have been approved by the United Kingdom Home Office Animals (Scientific Procedures) Act 1986 and the London School of Hygiene & Tropical Medicine Animal Welfare and Ethics Review Board.
Protocol (read by voice talent at JoVE):

2. Experimental mouse infection

2.1. Begin by placing 21-25 gram CD1 (Pronounce: C-D-one) female mice into a heating box to dilate the tail veins [2.1.1.-WIDE].
2.1.1. Talent placing mouse into heating box 
2.2. Then place the warmed mice individually into a plastic restraining device [2.2.1.-CU] and use a 25 gauge needle to inject 0.2 ml of diluted inoculum of the Trypanosoma brucei strain GVR35-VSL2 (Pronounce: G-V-R-thirty-five-V-S-L-two) intravenously into the tail vein [2.2.2.-CU-TXT], placing pressure at the injection site immediately after to stem the bleeding  [2.2.3.-CU-TXT].

2.2.1. Few seconds mouse tail being pulled out of end of restrainer (Videographer: Do not get full shot of mouse struggling in restrainer, only last few sounds of mouse end and tail being pulled to end of strainer)

2.2.2. Few seconds tail vein being injected (TEXT: 4000 trypanosomes/mouse)

2.2.3. Few seconds pressure being applied to injection site (TEXT: i.v. > reproducibility than i.p.)

2.3. To monitor the infection through blood film microscopy, spot 5 microliters of blood onto a glass slide [2.3.1.-CU-TXT] and use a second glass slide to gently smear the drop across the first slide, producing a thin film [2.3.2.-CU/MED-TXT]. 

2.3.1. Few seconds at least one drop of blood being spotted onto slide blood (TEXT: e.g. from venipuncture or venesection) [do not use 2nd shot] 

2.3.2. [combined with 2.3.1] CU: Few seconds blood being smeared (TEXT: Repeat for each animal) (Shot will be used again)

2.4. Allow the slides to air dry [2.4.1.-MED] and then fix the blood in 100% methanol [2.4.2.-CU], followed by 10 minutes in Giemsa [2.4.3.-CU].

2.4.1. Talent placing slides to air dry

2.4.2. Few seconds slide being placed into methanol, with methanol container label visible in frame

2.4.3. Few seconds slide being placed into Giemsa, with Giemsa container label visible in frame

2.5. At the end of the incubation, rinse the slides with distilled water [2.5.1.-CU] and allow them to air dry [2.5.2.-CU].
2.5.1. Few seconds slide being rinsed

2.5.2. Slide being placed to dry

2.6. Then count the number of trypanosomes in 10 fields of view under a 100x objective [2.6.1.-LM-TXT].
2.6.1. Fig 2_rev.pdf: please add/indicate closed arrow (TEXT: Trypanosomes detectable ≥ 7 d post-infection)
3. Bioluminescence imaging to track infection
3.1. To track the infection by bioluminescent imaging, warm an aliquot of D-luciferin to room temperature [3.1.1.-WIDE]. Then use a 25 gauge needle to intraperitoneally inject 150 milligrams/kilogram of the warmed luciferin per animal [3.1.2.-CU].

3.1.1. Talent placing luciferin in hand to warm or similar, shot not essential
3.1.2. Few seconds mouse being injected ip

3.2. Next, initialize the machine using the imager software according to the manufacturer’s instructions [3.2.1.-MED-over the shoulder].

3.2.1. Few seconds Talent at computer, initializing machine, with monitor screen visible in frame 

3.3. Then, when the camera and heated plate have reached the appropriate temperatures [3.3.1.-CU], place large black separators between the anesthetized animals to minimize the bleed through of any bright bioluminescent signal [3.3.3.-MED].
3.3.1. Shot of camera and/or plate temperature at 37°C or similar This is shown on the computer and was difficult to capture.
3.3.2. Few seconds Talent placing separator into imaging bed (Videographer: Show only separators being inserted, no mice in shot) (TEXT: Image ≤3 mice at a time)  This shot was extended to cover the voiceover.
3.4. Image the mice using a series of exposure times [3.4.1.-LM-TXT] with a medium binning, 1 f/stop and an open filter, and a field of view E of 12.5 x 12.5 cm [3.4.2.-MED].

3.4.1. Authors: please provide Figure 3 day 7 image (TEXT: Control WT non-bioluminescent parasite-infected mice = background bioluminescence value)
3.4.2. Few seconds Talent at computer, setting parameters

3.5. To ensure a thorough imaging of the mice, rotate the animals to obtain ventral [3.5.1.-LM], dorsal [3.5.2.-LM] and lateral views [3.5.3.-MED-TXT].

3.5.1. Authors: please provide image of mice in ventral, dorsal and lateral view positions: please indicate ventral view mouse

3.5.2. Mouse positions image: please indicate dorsal view mouse

3.5.3. Mouse positions image: please indicate lateral view mouse (TEXT: Keep orientation order consistent between imaged animals)

3.6. On day 21, image [3.6.1.-LM] and blood film the mice as demonstrated [3.6.1.-MED-TXT]. 
3.6.1. Authors: please provide Figure 3 day 21 image

3.6.2. Use 2.3.2. MED: Few seconds Talent smearing blood

3.7. Then dose the animals with 40 milligrams/kilogram of diminazene aceturate intraperitoneally to clear the peripheral parasitemia [3.7.1.-MED-TXT].

3.7.1. Few seconds Talent injecting mouse (TEXT: Image/monitor D28 + D35)
4. CNS infection confirmation and bioluminescence quantitation
4.1. After imaging the animals on day 35, place the excised brains onto a section of black plastic [4.1.1.-WIDE-TXT] and pipette 50 microliters of 15 milligrams/ml of luciferin over the tissues [4.1.2.-CU].
4.1.1. Talent placing brain onto plastic (TEXT: See text for brain harvest details) 
4.1.2. Few seconds luciferin being dispensed over brain, with luciferin container label visible in frame 
4.2. Then image the brain using the same settings as demonstrated for the whole animal imaging [4.2.1.-MED-over the shoulder].

4.2.1. ADDITIONAL SHOT: Talent placing brain into the imager.

4.2.2. Few seconds Talent at computer, imaging brain

4.3. To quantify the degree of bioluminescence within specific regions of interest, or ROIs (Pronounce: R-O-I’s), in the brain tissue, select the ROI tool within the imaging software [4.3.1.-SCREEN] and create a rectangular ROI for the whole animal quantitation [4.3.2.-SCREEN].

4.3.1. *To be provided by Authors

4.3.2. *To be provided by Authors

4.4. Position the ROI over the mouse image from the tip of the nose to the base of the tail, and using the same size box for every animal and every time point measure the total flux. [4.4.1.-SCREEN].
4.4.1. *To be provided by Authors

4.5. To evaluate the ROI of the brain alone, create a circular ROI [4.5.1.-SCREEN] and place it over the animal’s head region. Repeat for each animal and measure the total flux. [4.5.2.-SCREEN].

4.5.1. *To be provided by Authors

4.5.2. *To be provided by Authors 
4.6. Then, using the image with the highest bioluminescence and the ‘Image adjust’ tab on the tool palette [4.6.1.-SCREEN], select a logarithmic scale [4.6.2.-SCREEN] and an appropriate color scale minimum and maximum for the image [4.6.3.-SCREEN] and apply this scale to all of the images within the experiment [4.6.4.-SCREEN].
4.6.1. *To be provided by Authors

4.6.2. *To be provided by Authors

4.6.3. *To be provided by Authors

4.6.4. *To be provided by Authors
5. Results: Representative bioluminescence imaging of infected mice
5.1. The infection development can be followed in vivo by sequential measurements of the bioluminescence to determine the degree of infection in the animals over the course of an experiment [5.1.1.-LM].
5.1.1. Figure 3.pdf: please sequentially add/indicate mouse images starting from day 7 down to day 35
5.2. As the infection progresses, an increase in bioluminescence can be observed in all of the animals over the first 21 days as the signal becomes more disseminated and intense [5.2.1.-LM], with the highest regions of bioluminescence apparent in the spleen area [5.2.2.-LM].
5.2.1. Figure 3.pdf: please highlight/outline/indicate days 7-21 images

5.2.2. Figure 3.pdf: please outline/indicate spleen areas on days 7-21 mice

5.3. On day 21, the mice are treated with diminazene aceturate post-imaging as just demonstrated [5.3.1.-LM], resulting in only low levels of bioluminescence present in the brain by day 28 as the peripheral infection is cleared [5.3.2.-LM].
5.3.1. Figure 3.pdf: please highlight day 21 image

5.3.2. Figure 3.pdf: please highlight day 28 image and outline/indicate brain fluorescence

5.4. On day 35, the signal is not only still present in the head region but has also become more intense, indicating a possible brain infection [5.4.1.-LM].

5.4.1. Figure 3.pdf: please highlight day 35 image and outline/indicate brain fluorescence
5.5. Quantitation of both the peripheral parasitemia [5.5.1.-LM] and bioluminescence allows the evaluation of the disease kinetics [5.5.2.-LM]. 
5.5.1. Figure 4.pdf: please indicate right y-axis and/or parasitemia in figure key

5.5.2. Figure 4.pdf: please indicate left y-axis and/or bioluminescence in figure key

5.6. For example, in this experiment, at day 7, a high bioluminescence signal of 1x108 photons/second was observed [5.6.1.-LM], while the observed parasitemia was very low within the blood films generated on the same day [5.6.2.-LM].
5.6.1. Figure 4.pdf: please highlight/indicate day 7 grey data bar

5.6.2. Figure 4.pdf: please highlight/indicate day 7 closed circle data point

5.7. At day 28, the parasitemia became undetectable in the blood films due to the diminazene aceturate treatment administered on day 21 [5.7.1.-LM], while the bioluminescence continued to remain above background levels until day 35 [5.7.2.-LM], representing the bioluminescence observed in the head region and confirming the higher sensitivity of the bioluminescence analysis over the blood filming [5.7.3.-LM]. 
5.7.1. Figure 4.pdf: please highlight/indicate day 28 closed circle data point 

5.7.2. Figure 4.pdf: please highlight/indicate day 28 and 35 grey data bars

5.7.3. Figure 3.pdf: please highlight day 28 and 35 images and outline/indicate brain fluorescence
5.8. Bioluminescence imaging of the brain itself reveals differences in the infection burden between animals, which does not appear to localize to specific anatomical regions of the tissue [5.8.1.-LM].
5.8.1. Figure 5.pdf: please sequentially add/indicate mouse 1-3 images
6. Conclusion (said by authors on camera)
6.1. Hollie Burrell-Saward: While attempting this procedure, it’s important to remember to obtain a good range of exposure times to ensure quality imaging data, as overexposure, for example, negatively impacts important localization details.
6.2. Hollie Burrell-Saward: Following this procedure, other downstream methods, like quantitative PCR and immunohistochemistry, can be performed to answer additional questions about brain parasite burden and parasite localization.
6.3. Theresa Ward: After its development, this technique paved the way for researchers in the field of trypanosome biology to perform a drug evaluation within 90 days of infection due to improved sensitivity of relapse detection.
6.4. Theresa Ward: After watching this video, you should have a good understanding of how to use bioluminescence imaging of T. b. brucei infection to follow the disease progression from the blood to the late stage infection of the brain.
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

Images:

3.4.1 Figure 3 day 7 image.

3.5.1 Mouse in ventral position

3.5.2 Mouse in dorsal position

3.5.3 Mouse in lateral position

3.6.1 Figure 3 day 21 image

Movie:

4.3.1 selecting ROI in imaging software

4.3.2 creating ROI for whole animal quantification

4.4.1 Positioning of ROI and measuring total flux

4.5.1 Creating a circular ROI

4.5.2 Positioning of circle ROI on head

4.6.1 Selecting ‘Image adjust’

4.6.2 Selecting logarithmic scale

4.6.3 Selecting appropriate colour scale

4.6.4 Applying scale to all other images.

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.  

Fig 2_rev.pdf

Authors: please provide the requested images as indicated
Figure 3.pdf

Figure 4.pdf

Figure 5.pdf
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 are included in the email accompanying the finalized script.
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