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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? Y
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 
n/a (screen captured steps do not need to be filmed)
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
The most difficult part of the protocol is the search for and the identification of an active bouton (3.3.).In the absence of an additional marker, this step may require a larger number of trials.  

Another difficult step is the positioning of the stimulation electrode next to the presynaptic terminal (3.6.) and to activate the voltage-depended Ca channels without producing a stimulation artifact.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIREDInterview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Anton Dvorzhak: Synapses operate in a probabilistic and largely independent manner, requiring their individual assessment. High resolution imaging of single synapses expressing a fast glutamate sensor allows the detection of local mismatches between transmitter release and uptake [1].	Comment by Bridget Colvin: Authors: Anton Dvorzhak will be introduced with this statement and does not need to be introduced in a separate statement.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Anton Dvorzhak: In the case of disease, the method can be used to identify  dysfunctional synapses [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.3. Procedures involving animal subjects have been carried out in accordance with the EU Directive 2010/63/EU for animal experiments and approved by the Berlin Office of Health Protection and Technical Safety.


Section - Protocol
2. Autofluorescence Correction
2.1. For autofluorescence correction, place a brain slice from the mouse of interest into the recording chamber of a 1-photon microscope [1-TXT]. S submerge the slice in oxygenized artificial cerebrospinal fluid [2-TXT].
2.1.1. WIDE: Talent placing slice(s) into chamber TEXT: See text for brain slice acquisition and preparation details
2.1.2. Slice(s) being submerged TEXT: See text for all solution preparation details
2.2. Use the 20x water immersion objective to locate the dorsal striatum [1] and fix the slices with a nylon grid on a platinum harp to minimize the tissue movement [2].
2.2.1. Talent selecting 20x objective
2.2.2. Slices being fixed with grid/harp

2.3. Switch to the 63x water immersion objective [1]. Using a high pass filter at 510 nanometer, acquire an image showing of the autofluorescent and glutamate sensor-positive structures together[2].

2.3.1. Objective being switched/selected
2.3.2. SCREEN: ScreenShots main: Slide 2

2.4. Using a high-pass filter at 600 nanometer, acquire a second image with autofluorescent structures alone [1]. Scale the red and yellow images, using the mean intensities of the 10 brightest and the 10 darkest pixels to define the range [2].

2.4.1. SCREEN: ScreenShots main: Slide 3
2.4.2. SCREEN: ScreenShots main: Slide 4

2.5. Then perform a subtraction of the "yellow minus red image" and rescale the subtracted image to generate a standard 8-bit .tif file for convenient visualization of the bouton of interest [1].

2.5.1. SCREEN:ScreenShots main: Slide 5

3. Bouton Search 

3.1. To perform a bouton search, first use a micropipette puller to produce stimulation pipettes from borosilicate glass capillaries [1] with internal tip diameters of about 1 micrometer [2-TXT].

3.1.1. WIDE: Talent pulling pipette
3.1.2. ECU: Shot of at least one capillary TEXT: Electrode resistance should approximately equal 10 megaohms when filled w/ ACSF

3.2. To induce the action potential-dependent release of glutamate from a set of synaptic boutons attached to the same axon, select a 63x magnification [1] and a 510-nanometer emission filter [2].

3.2.1. Talent selecting objective
3.2.2. SCREEN: ScreenShots main: Slide 1 JoVE Video Editor please emphasize parameters outlined in vertical and horizontal rectangle boxes

3.3. Load the subtracted image to allow the placement of a glass stimulation electrode next to a fluorescent varicosity, avoiding the proximity of additional axons [1].

3.3.1. SCREEN: ScreenShots main: Slide 6

3.4. Preynaptic terminals must be identified by their responsiveness to electrical depolarization [1-TXT].

3.4.1. Authors: This text cannot be included without an accompanying visualTEXT: Discard sites that do not respond to stimulation
[bookmark: _GoBack]
3.5. Anton Dvorzhak: To increase the success rate of single synapse experiments in the striatum, a suitable varicosity should be attached to a very thin axon branch, be brighter than other structures on the "yellow image", reside in the striatal neuropil rather than in the fiber tracts and have a smooth spindle-like shape. Avoid varicosities associated with an axon bifurcation or a location within the deeper parts of the slice [1].

3.5.1. Authors: This text cannot be included without an accompanying visual

3.6. Place the stimulation electrode near to the bouton of interest[1] and turn on the stimulator to deliver depolarizing current pulses of 2 to 10 microamp to the stimulation pipette [2].

3.6.1. Electrode being placed
3.6.2. Talent turning on stimulator

3.7. Then turn on the multi-channel bath application system, with one channel delivering the standard bath solution [2] and the other channels delivering the necessary blockers of the ion channels, transporters, or membrane receptors [3].

3.7.1. Channel delivering bath solution
3.7.2. Channel(s) delivering blockers

3.8. Control the flow at the site of recording [1] and switch to the tetrodotoxin channel [2].

3.8.1. Shot of flow being controlled at recording site
3.8.2. TTX channel being selected

3.9. After 2-3 minutes, stimulate the bouton of interest again but in the absence of action potential generation [1-TXT].

3.9.1. Bouton being stimulated TEXT: Release due to Ca+ influx through voltage-depended Ca+ channels

4. Glutamate Release and Clearance Visualization

4.1. To visualize glutamate release and clearance, using the microscope XY drives[1], place the tested ultrafast glutamate sensor-positive bouton close to the viewfield center[2].

4.1.1. WIDE: Talent selecting XY drive(s)
4.1.2. SCREEN: ScreenShots main: Slide 9

4.2. After stopping the acquisition, click on the image with the left mouse button to determine the XY position of the resting bouton center. The XY coordinates of the set cursor will be displayed [1].

4.2.1. SCREEN: ScreenShots main: Slide 9 JoVE Video Editor please emphasize coordinates indicated with red box at bottom of image

4.3. Using the calibration data, calculate the coordinates of the site where the laser beam should be sent for the excitation of the glutamate sensor fluorescence using the formulas as indicated [1-TXT].

4.3.1. BLACK TEXT OVER WHITE BACKGROUND: X laser = X camera * X factor + X offset; Y laser= Y offset - Y camera * Y factor

4.4. To create a one-point sequence in the laser control software, select Point in the Add to sequence box on the Sequence page of the laser control software [1] and set the Runs and Run delay to 0 and the Sequence to Run at TLL [2]. Then click Start sequence [3].

4.4.1. SCREEN: ScreenShots main: Slide 10 JoVE Video Editor please emphasize Point button at top middle of image
4.4.2. SCREEN: ScreenShots main: Slide 10 JoVE Video Editor please emphasize Runs and Start Delay boxes at top middle of image
4.4.3. SCREEN: ScreenShots main: Slide 10 JoVE Video Editor please emphasize Start sequence button

4.5. In the camera control software, select the appropriate imaging parameters [1-TXT] and select External Start for the Trigger mode [2].

4.5.1. SCREEN: ScreenShots main: Slide 11 JoVE Video Editor please emphasize parameters are indicated in red box TEXT: See text for camera control software setting details
4.5.2. SCREEN: ScreenShots main: Slide 11 JoVE Video Editor please emphasize Trigger Mode External Start parameter

4.6. Click Take signal in the camera control software [1].

4.6.1. SCREEN: ScreenShots main: Slide 11 JoVE Video Editor please emphasize Take signal button in top left of image 

4.7. Then initiate the experimental protocol laid down for the trigger device, and implement the experimental protocol Trial with the appropriate timeline so that the camera will acquire 400 frames with a 2.48 kilohertz frequency during one trial with a 0.1 hertz or lower repetition frequency [1-TXT]

4.7.1. SCREEN:ScreenShots main: Slide 12 TEXT: See text for timeline setup details
4.8. Anton Dvorzhak: We suggest using laser illumination, as LED and fluorescent light sources give off strong background fluorescence that decreases the signal to noise ratio and produces strong glutamate structure bleaching [1]. 

4.8.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

5. Off-Line Glutamate Transient Construction and Rapid Glutamate Release and Clearance Assessment 

5.1. To identify pathological synapses, turn on the evaluation routines [1] and calculate the fluorescence intensity mean and standard deviation for the selected region of interest at rest[2].

5.1.1. WIDE: Talent turning on routine(s)
5.1.2. SCREEN: ScreenShots main: Slide 13 JoVE Video Editor please emphasize Table in left of image

5.2. Determine and box the area occupied by pixels with a fluorescence intensity at rest greater than the mean plus 3 standard deviations and determine a virtual diameter in microns, assuming a circular form of the supra-threshold area [1].

5.2.1. SCREEN: ScreenShots main: Slide 13 JoVE Video Editor please emphasize box and graph in middle of image

5.3. Plot the fluorescence intensity against time [1] as the difference between the actual fluorescence intensity value and the fluorescence intensity value at rest divided by the fluorescence intensity value at rest [2].

5.3.1. SCREEN: Stack.avi 00:00-00:20 Video Editor: please speed up
5.3.2. SCREEN: ScreenShots main: Slide 14 JoVE Video Editor please emphasize graph at bottom middle of image

5.4. Determine the Peak amplitude of the fluorescence response [1].

5.4.1. SCREEN: Displacement.avi Video Editor: please speed up

5.5. Perform a monoexponential fitting for the decay from the peak of the fluorescence response [ 1] and determine the Time constant of decay TauD [2].

5.5.1. SCREEN: ScreenShots main: Slide 15 
5.5.2. SCREEN: ScreenShots main: Slide 15 JoVE Video Editor please emphasize graph in middle of image

5.6. To estimate the Maximal amplitude at a given synapse, select the pixel with the highest change in fluorescence intensity [1]. This is the best indicator of the glutamate load presented to the clearance machinery of the synapse [2].

5.6.1. SCREEN: ScreenShots main: Slide 16
5.6.2. SCREEN: ScreenShots main: Slide 16 JoVE Video Editor please emphasize graph in middle of image

5.7. To estimate the spatial extension of the ultrafast glutamate sensor signal, determine the diameter of the area of all of the supra-threshold pixels combined to form a virtual circle. The respective diameter is called the Spread [1].

5.7.1. Authors: This text cannot be included without an accompanying visual



Section – Results
6. Results: Representative Identification of Dysfunctional Synapses in Q175 Mice with a Hypokinetic Phenotype

6.1. Single synapse imaging identified two classes of corticostriatal synapses using the criteria Size and Paired Pulse Ratio. At stimulus intervals of 20 to 50 ms milliseconds [1], the smaller intratelencephalic terminals were prone to paired pulse depression [2] while the larger pyramidal tract terminals showed paired pulse facilitation [3]. 

6.1.1. LAB MEDIA: Figures 3A and 3D
6.1.2. LAB MEDIA: Figures 3A and 3D: JoVE Video Editor please emphasize grey outline around red and pink and white blocks in right IT pattern
6.1.3. LAB MEDIA: Figures 3A and 3D: JoVE Video Editor please emphasize grey outline around red and pink and white blocks in right PT pattern

6.2. Single synapse imaging studies were performed in wild-type mice and mice expressing a Huntington phenotype. Before each experiment Huntington mice were submitted to an express test of motor performance. A significant positive correlation [1] can be observed between the results obtained for the total path run in the open field and the step-over latency [2].

6.2.1. LAB MEDIA: Figure 7A
6.2.2. LAB MEDIA: Figure 7A: JoVE Video Editor please emphasize red correlation line

6.3. Further, single synapse glutamate imaging showed that symptomatic Huntington mice exhibited a deficit in the speed of juxtasynaptic glutamate decay [1], as reflected in the TauD values of the glutamate responses to single synapse stimulation  [2].

6.3.1. LAB MEDIA: Figure 7B: JoVE Video Editor please emphasize pink data lines
6.3.2. LAB MEDIA: Figure 7B: JoVE Video Editor please emphasize HET and HOM tau values in figure key

6.4. In wild type animals, such prolongation was only observed after the application of a selective non-transportable inhibitor of glutamate uptake [1].

6.4.1. LAB MEDIA: Figures 7D and 7E: JoVE Video Editor please emphasize grey data line in Figure 7D and WT CTRL data bar in Figure 7E

6.5. Evaluation of the probability of occurrence of a given TauD value in slices from wild-type mice and mice expressing the symptoms of Huntington's disease [1] revealed that in wild type animalsTauD never exceeded 15 milliseconds, while a larger fraction of synapses in Huntington mice exhibited slowed glutamate clearance characterized by TauD values larger than 15 milliseconds [2]. 

6.5.1. LAB MEDIA: Figures 7H and 7I
6.5.2. LAB MEDIA: Figures 7H and 7I: JoVE Video Editor please emphasize data points within grey box in Figure 7I

6.6. In symptomatic Huntington’s disease, 40% of the synapses exhibited TauD values between 16 and 58 milliseconds despite a tendency for a reduction in the amount of released glutamate [1].
6.7. 
6.7.1. LAB MEDIA: Figures 7H and 7I: JoVE Video Editor please emphasize data points within red box in Figure 7H

6.8. Therefore, TauD might be regarded as a biomarker for dysfunctional synapses in Huntington’s disease and may further be used to verify functional recovery in experiments targeting astrocytic glutamate transport [1].

6.8.1. Figures 7H and 7I





Section - Conclusion
7. Conclusion Interview Statements:(Said by youon camera) - All interview statements may be edited for length and clarity.
7.1. Anton Dvorzhak: This protocol for glutamate monitoring at individual corticostriatal synapses facilitates the assessment of eventually existing mismatches between glutamate release and uptake and therefore may help to clarify the role of glutamate uptake deficiency in the pathogenesis of neurodegenerative disease [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. AntonDvorzhak: Single synapse imaging is particularly useful to explore the presynaptic side of excitatory synapses [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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