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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? Y 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 3.5, 3.6, 4.3, 5.5, 5.9
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 3.6, 4.3
E.  Will the filming need to take place in multiple locations? N
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 bioluminescence imaging method is to quantify neuroinflammation in the central nervous system of a Parkinson’s disease mouse model after peripheral injection of alpha-synuclein fibrils (Intro).

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Sara Breid: This method can help determine when, and to what degree, neuroinflammation occurs in mouse models of neurodegenerative diseases.
1.2. Sara Breid: The main advantage of this technique is that neuroinflammation can be non-invasively and repeatedly monitored until animals develop neurologic illness.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Maria E. Bernis: The implications of this technique extend toward diagnosis of neurologic disease, because an increase in bioluminescence due to neuroinflammation not only accompanies, but often precedes, neurologic disease.    
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by the animal protection committee of North Rhine-Westphalia State Environment Agency (LANUV).
Protocol (read by voice talent at JoVE):
2. Intraglossal Injection of Alpha-Synuclein Fibrils
2.1. Begin by properly anesthetizing the animal for surgery [1-MED-TXT]. Administer a toe-pinch and confirm that the animal does not withdraw the limb to indicate a surgical plane of anesthesia [2-CU]. 
2.1.1. Talent places an anesthetized animal into the surgical area. TEXT: Intraperitoneal injection of 100 mg/kg ketamine and 10 mg/kg xylazine is used here. 
2.1.2. The toe pinch is administered and no reaction is seen. Shot will be reused once. Authors - Please make sure both animals are of the same fur color and ideally without distinguishing marks on their feet. 
2.2. Apply ophthalmic ointment to prevent dryness while under anesthesia [1-MED].
2.2.1. Talent applies ointment to the eyes of the mouse. 
2.3. Use adhesive tape to carefully fix the animal onto a heating plate in a dorsal recumbent position with the head towards the investigator [1-MED-over the shoulder].
2.3.1. *film as written. 
2.4. Then fill a 27-gauge disposable hypodermic syringe with 5 microliters of sonicated alpha-synuclein fibrils [1-CU-TXT]. 
2.4.1. The 27G syringe is filled from a tube containing sonicated alpha-synuclein fibrils. TEXT: Use PBS as a vehicle control. See written protocol for preparation of (-synuclein fibrils. 
2.5. Next, use a pair of blunt-nosed thumb forceps to hold the animal’s mouth open [1-MED], and use the smaller pair of forceps [2-MED-over the shoulder] to carefully pull out the tongue to make the underside of the tongue accessible for injection [3-CU].
2.5.1. Talent properly places the two pairs of forceps to open the mouth of the mouse. 
2.5.2. Tongue is pulled out using the smaller forceps and the underside is shown. 
2.6. Insert the needle of the syringe into the right or left bottom-side of the tongue in proximity to the hypoglossal nerve [1-CU-TXT]. After 5 seconds, slowly inject the inoculum [2-MED-TXT].  
2.6.1. *film as written. Video Editor: If possible please add an arrow and label pointing to the area of the hypoglossal nerve (Authors – could provide a description of where the hypoglossal nerve is located to the Video Editor based on the footage that is acquired during the shoot?).  
2.6.2. Talent’s hand holds the needle in place for 5 seconds (TEXT: 5 seconds) and then injects the inoculum. 
2.7. Allow the needle to remain in place for further 5 seconds to ensure that the inoculum penetrates the tissue and then carefully withdraw the needle [1-CU-TXT]. 
2.7.1. The needle is shown in situ (TEXT: 5 seconds) and then withdrawn. 
2.8. After the injection, release the animal [1-MED] and allow it to remain on the heating plate under constant monitoring until complete recovery [2-MED-over the shoulder].
2.8.1. Talent frees the mouse from the tape. 
2.8.2. Talent places the animal in a clean cage on a heating pad. 
3. Intraperitoneal Injections
3.1. For intraperitoneal injections, briefly narcotize the animals in an anesthesia chamber with isoflurane [1-MED-TXT]. Again, pinch the animal’s toe and confirm that it does not withdraw its hind-limb to ensure proper anesthesia [2-CU].
3.1.1. Talent monitoring anesthesized mouse in the induction chamber. Videographer please do not show animal losing consciousness. TEXT: Flow rate of 2 L/min and the vaporizer set to 2%. 
3.1.2. Use 3.1.2. Animal’s hind limb does not move in response to a toe pinch.
3.2. Fill a 27-gauge disposable hypodermic syringe with 50 microliters of sonicated alpha-synuclein fibrils or PBS [1-CU].
3.2.1. *film as written. Show syringe being filled to just over the 50 ul mark. 
3.3. Hold the animal in a dorsal position with the head facing away from the investigator and downward at approximately 45° [1-MED]. Directly inject into the peritoneum of the mouse without penetrating the small intestine or cecum located behind the abdominal wall [2-CU].  
3.3.1. Talent, holding mouse by the scruff with the head facing away, turns the mouse over so that the abdomen faces up. Talent then tilts the mouse downwards.  Please follow the sequence of steps relatively slowly so that this action covers the length of time it takes to read the first sentence. 
3.3.2. The needle is inserted into the abdomen and the injection is performed as described.
3.4. Monitor animals until they have recovered from the anesthesia [1-MED].
3.4.1. Talent watching the mouse in a cage. Mouse is walking around happily without evident effects from the anesthesia or injection. 
4. Bioluminescence Imaging
4.1. Prior to imaging, shave [1-MED-TXT] and depilate the heads of isoflurane-anesthetized mice [2-MED-over the shoulder]. Color the ears in black with a non-irritating marker to block unspecific bioluminescence [3-CU].
4.1.1. Talent shaving the head of an anesthetized mouse. Two other mice are seen in a cage close by. TEXT: Image Tg(M83+/-:Gfap-luc+/-) mice every 2 – 4 weeks. 
4.1.2. Talent wipes depilating cream from the shaved head of the animal. 
4.1.3. Show the last part of the second ear being colored. 
4.2. Weigh the animals prior to injection [1-MED]. Then calculate the exact volume of D-luciferin for injection at 150 milligrams per kilogram of body weight [2-MED-over the shoulder]. 
4.2.1. Talent weighs a mouse. Two other mice with black colored ears are seen in a cage next to the scale as if they are about to be weighed. 
4.2.2. Talent performing calculations for the 3 mice and writing a result on a piece of paper. 
4.3. Intraperitoneally inject the calculated volume of D-luciferin [1-MED] and then return each animal to the anesthesia chamber [2-MED-over the shoulder].
4.3.1. Talent performing an i.p. injection. Details not required. 
4.3.2. Talent places the mouse into the anesthesia chamber with the two other mice. 
4.4. Start the imaging software [1-MED]. After the imaging-system has reached its operating temperature [2-SCREEN], initialize the system by clicking on the ‘Initialize’ button in the control panel [3-SCREEN].
4.4.1. Talent sits at computer and clicks mouse to open software. 
4.4.2. Shot of the temperature display of the imaging system as it just reaches temperature (SCREEN CAP if this is on the computer screen). 
4.4.3. SCREEN CAP (action of interest @ 00:19-00:37): Control panel is open and the mouse pointer clicks on ‘Initialize’. 
4.5. Then select the buttons ‘Luminescent’ and ‘Photograph’. Set the exposure time to 60 seconds, the binning to ‘Medium’, the F-Stop to ‘1’, the EM gain to ‘Off’. Select ‘Block’ and then ‘Open’, and then under the tab “subject height” choose 1.50 from the drop down menu [1-SCREEN].
4.5.1. SCREEN CAP (action of interest @ 00:00-00:22): The actions are performed in the order described in the above text. 
4.6. Ten minutes after injection with D-luciferin [1-MED-TXT], place the animals onto the heating plate in the imaging chamber [2-MED-over the shoulder] and ensure that their muzzles are correctly placed in the anesthesia outlet [3-CU]. 
4.6.1. Talent picks up and checks a lab timer. TEXT: It is critical to image 10 min after injection.   
4.6.2. *film as written. 
4.6.3. A muzzle is adjusted so that it correctly fits the anesthesia outlet. 
4.7. Switch the isoflurane flow from the inhalation chamber to the imaging chamber [1-CU] and properly close the door of the imaging chamber [2-MED].
4.7.1. Talent’s hand turns the knob to adjust the direction of flow. 
4.7.2. *film as written. 
4.8. Click on the ‘Acquire’ button to measure the bioluminescence [1-SCREEN], which takes 60 seconds [2-MED]. 
4.8.1. SCREEN CAP: the ‘Aquire’ button is clicked with the mouse pointer. 
4.8.2. Talent looking at screen and taking a sip of tea/coffee (or otherwise killing time) if possible. 
4.9. Stop the isoflurane flow [1-MED] and then return the animals to their cages [2-MED-over the shoulder-TXT]. 
4.9.1. Talent turns off the isoflurane. 
4.9.2. Talent places the last animal back in the cage with the other two. Please do not show animals staggering around and coming out of anesthesia. The animals should be all sleeping or fully recovered. TEXT: Monitor the animals until they have completely recovered.
4.10. Use the imaging software to quantify bioluminescence [1-MED] by opening the ‘Tool Palette’ menu and selecting ‘ROI Tools’. Under ‘Type’ select ‘Measurement ROI’ [2-SCREEN].
4.10.1. Talent at computer reaches out for the mouse. 
4.10.2. SCREEN CAP: The actions are performed in the order described in the above text. 
4.11. Within ‘ROI Tools’ click the “circle” tool and select the number of ROIs to draw from the pull-down menu — ideally ‘three’ for three mice [1-SCREEN].
4.11.1. SCREEN CAP: The actions are performed in the order described in the above text. 
4.12. In the image, right-click each ROI and under ‘Properties’ adjust the width and height to 1.25 centimeters. Position each ROI over the brain area that is quantified [1-SCREEN].
4.12.1. SCREEN CAP: The actions are performed in the order described in the above text. 
4.13. In the upper left of the image, set the units panel to ‘radiance (photons)’ (pronounced “radiance, brackets, photons”) [1-SCREEN]. 
4.13.1. SCREEN CAP: The actions are performed in the order described in the above text.
4.14. Then open the ‘Tool Palette’ menu, select ‘Image Adjust’ and adjust the minimum and the maximum of the ‘Color Scale’, for instance, from 0.20e6 to 1.00e6 [1-SCREEN].
4.14.1. SCREEN CAP: The actions are performed in the order described in the above text. 
4.15. Lastly, under ‘File’ [1-SCREEN] click ‘Save’ to save the data [2-MED].
4.15.1. SCREEN CAP: The file menu is opened. 
4.15.2. Talent at computer clicking the mouse to save the file. 
5. Results: Injection with Alpha-Synuclein Fibrils via the Intraperitoneal or Intraglossal Route Causes Disease in Bigenic Tg(M83+/-:Gfap-luc+/-) Mice. 
Video Editor: The author has uploaded files for 4D that can be used instead of fading the colors in and out. I can't see these files when I look at the Author's JoVE folder but Dr Tamguney just sent me screen shot showing them uploaded. 
5.1. As shown here, after intraperitoneal injection with alpha-synuclein fibrils, four of the five A53T (pronounced A-fifty-three-T) –synuclein-GFAP (pronounced as letters) -luciferase reporter transgenic mice [1-LM-TXT] developed neurologic disease within 229 days as indicated by the purple squares [2-LM]. However, only one of five intraglossally injected mice developed neurologic illness within 285 days as indicated by the green circles [3-LM]. 
5.1.1. LAB MEDIA: 55503_Tamguney_Figure1B. Video Editor please show figure and add text in time with the narration. TEXT: Tg(M83+/-:Gfap-luc+/-) 
5.1.2. LAB MEDIA: 55503_Tamguney_Figure1B. Video Editor please show figure and highlight the closed and open purple squares. 
5.1.3. LAB MEDIA: 55503_Tamguney_Figure1B. Video Editor please show figure and highlight the closed and open green circles.  
5.2. Bioluminescence imaging revealed that the transgenic mice emitted elevated bioluminescence from their brains and spinal cords shortly before they developed signs of neurologic disease [1-LM]. This bioluminescence was more pronounced after intraperitoneal injection [2-LM], and absent after PBS-injection suggesting an absence of astrocytic gliosis [3-LM]. 
5.2.1. LAB MEDIA: 55503_Tamguney_Figure4C. Video editor please show full panel image of three mice plus legend. 
5.2.2. LAB MEDIA: 55503_Tamguney_Figure4C_IP. Video editor please ‘zoom in’ on the left panel until it fills the screen. (Authors – please provide this panel as a single image named as listed here). 
5.2.3. LAB MEDIA: 55503_Tamguney_Figure4C_PBS. Video editor please ‘zoom in’ on the right animal head panel until it fills the screen. (Authors – please provide this panel as a single image named as shown). 
5.3. This figure shows the bioluminescence in the brains of transgenic mice over time after intraperitoneal injection of alpha-synuclein fibrils [1-LM]. 
5.3.1. LAB MEDIA: 55503_Tamguney_Figure4D. 
5.4. As shown by the blue, green, brown, and orange circles, increased levels of bioluminescence above threshold were observed some weeks before these four individual mice developed neurologic signs of disease [1-LM -TXT]. 
5.4.1. LAB MEDIA: 55503_Tamguney_Figure4D. Video Editor please fade all colors except for blue, green, brown and orange and add the (TEXT: >2 × 106 p/s/cm2/sr) to the right of the grey dotted line. Or use 55503_Tamguney_Figure4D_main4. 
5.5. One of five animals also showed elevated levels of bioluminescence shortly before it died 285 days after intraglossal injection with alpha-synuclein fibrils [1-LM]. 
5.5.1. LAB MEDIA: 55503_Tamguney_Figure4D. Video editor please fade all colors except for magenta. Or use 55503_Tamguney_Figure4D_magenta. 
5.6. In contrast, for healthy, PBS-injected control mice [1-LM-TXT] and one animal that did not develop disease after intraperitoneal injection with alpha-synuclein fibrils, indicated by the red circles, the bioluminescence signal remained below threshold within the period of observation [2-LM]. 
5.6.1. LAB MEDIA: 55503_Tamguney_Figure4D. Video Editor please fade all colors except for black and red and add the TEXT: [n = 4]. Or use 55503_Tamguney_Figure4D_black and red
5.6.2. LAB MEDIA: 55503_Tamguney_Figure4D. Video Editor please fade all colors except for black and red or use 55503_Tamguney_Figure4D_black and red. (TEXT: >2 × 106 p/s/cm2/sr) to be added to the right of the grey dotted line. 
5.7. Immunofluorescence staining of brain sections of diseased animals with antibodies against GFAP and IBA-1 [1-LM] confirmed neuroinflammation with microgliosis and reactive astrocytes in regions with α-synuclein deposits [2-LM]. Healthy animals that did not accumulate deposits of α-synuclein showed little staining for GFAP and IBA-1 [3-LM]. 
5.7.1. LAB MEDIA: 55503_Tamguney_Figure4AB. Show image without ‘A’ and ‘B’ label. 
5.7.2. LAB MEDIA: 55503_Tamguney_Figure4AB. Show image without ‘A’ and ‘B’ label and place a box around the two panels on the left. 
5.7.3. LAB MEDIA: 55503_Tamguney_Figure4AB. Show image without ‘A’ and ‘B’ label and place a box around the two panels on the right. 
Note: Authors I had to remove figure 3 as there is too much detail in that image to be meaningful when shown on screen. 
6. Conclusion (said by authors on camera)
6.1. Maria E. Bernis: Once mastered, this technique can be done in less than 1 hour, if it is performed properly.
6.2. Maria E. Bernis: After its development, this technique paved the way for researchers in the field of neurodegeneration to non-invasively explore neuroinflammation in the CNS of mice.
6.3. Sara Breid: After watching this video, you should have a good understanding of how to peripherally inject mice with alpha-synuclein fibrils and how to perform bioluminescence imaging to monitor CNS neuroinflammation.
6.4. Sara Breid: The overall goal of the procedure is to peripherally induce neurologic illness by intraglossal or intraperitoneal injection with alpha-synuclein fibrils and to non-invasively image the induction of neuroinflammation over time.
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 are included in the email accompanying the finalized script.
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