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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Yes. Coating of the MEAs is done using a microscope.   

Can you record movies/images using your own microscope camera? (Y/N). You can record, but there is not currently a camera attached.  VWR Trinocular Microscope (89404-474)
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: 
B.   Soft ware Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)Yes 

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.) 
2.2 

3.2 & 3.3

4.4 & 4.5

5.1

6.7 & 6.8
Authors, please select only 4-6 individual steps. Thank you.
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.) 
2.2: coating the MEA sites

5.1: Assembling the micropipette 

To ensure success coating the MEAs, we only coat 3-4 MEAs at a time. We also apply the BSA solution slightly above the sentinel sites, as the liquid will spread. It is best to place the GluOx solution closer to the tip of the MEA to ensure there is little to no contact with the BSA solution. We also recommend finding an assistant who has steady hands. 
When assembling the micropipette, it is critical that you do not touch the tip of the glass as it will break easily. Using the clay, first position the pipette with the naked eye and then place the assembly under the scope to ensure your pipette is placed centrally among the sites. It is easiest to lower the pipette tip to almost contact the MEA surface, as the pipette will move up as you coat with wax. Use the reticle in the scope to ensure the position of the glass pipette is consistent. 
E.  Will the filming need to take place in multiple locations? 
(Y/N) Yes. (Note that this may not be necessary. We are aiming to move all equipment to a single location.)
If yes, how far apart are the locations? 10 min walk; 5 min drive
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 procedure is to measure tonic and phasic extracellular glutamate changes in vivo using enzyme-linked microelectrode arrays. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Reed: This method can help answer key questions in the neuroscience field, such as whether extracellular neurotransmitter levels and the fast dynamics of neurotransmitter release and clearance are altered in disease states. 
1.2. Reed: The main advantage of this technique is that microelectrode arrays can measure specific neurotransmitter changes within discrete brain regions, making it a spatially and temporally precise approach, while being minimally invasive.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Reed: Demonstrating the procedure will be Holly Hunsberger, a former graduate student, from my laboratory. (Add additional mention of demonstrators as necessary).  

1.3.1. Interview style: Author saying the above 

1.3.2. 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)
1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Auburn University.
Protocol: (read by voice talent at JoVE)
2. Coating the MEA
2.1. To begin this procedure, coat a pair of recording sites on a MEA with the desired enzyme and a different pair of recording sites with the inactive protein-matrix [1-MED-over the shoulder-TXT]. Then, draw up the glutamate oxidase or protein matrix using a 10 μL Hamilton syringe [2-MED-over the shoulder]. Gently press the plunger to dispense a small bead of solution at the syringe tip [3-CU].
2.1.1. Talent coating a pair of recording sites on a MEA. Text: MEA: microelectrode array
2.1.2. *Film as written

2.1.3. CU the syringe as the plunger is pressed to dispense a small bead of solution at the tip
2.2. To target the MEA recording sites, under a dissecting microscope [1-MED], apply the solution to the appropriate recording sites by briefly contacting the recording sites with the solution droplet, which represents one layer [2-SCOPE]. 
2.2.1. Talent looking at the MEA under the microscope via the eyepieces.

2.2.2. Show that the solution droplet briefly contacts the recording sites. 
2.3. Set a timer for 1 minute between coating applications to the recording sites [1-CU-TXT]. [2-MED-TXT].  
2.3.1. CU the timer as it is set to 1 minute TEXT: Once coated, cure MEA at 4 °C, 5-7 days
2.3.2. Talent places the enzyme-coated MEA at 4 °C. Text: 4 °C, 5-7 days
3. Electroplating the electrode 

3.1. Now, place the reference electrode through the opening in the plastic arm [1-MED-over the shoulder]. Lower the reference electrode into the beaker containing PBS and ensure that it does not contact the bottom of the beaker [2-CU].
3.1.1. *Film as written

3.1.2. CU the reference electrode as it is lowered into the beaker containing PBS without touching the bottom of the beaker
3.2. Next, connect the reference electrode to the headstage and connect the MEA to the mPD plated to the headstage [1-MED-over the shoulder-TXT]. Lower the MEA into the beaker solution such that only the MEA tip is submerged in solution [2-MED-ovet the shoulder]. Do not submerge the MEA tip in liquid beyond the black ‘bubble’, doing so may damage the MEA [3-CU].
3.2.1. *Film as written. Text: mPD: m-Phenylenediamine dihydrochloride
3.2.2. *Film as written 
3.2.3. CU the MEA as it is lowered into the beaker solution such that the MEA tip is submerged in solution but not beyond the black ‘bubble’
3.3. Then, select the “Electroplating” icon on the desktop [1-MED-over the shoulder]. In the Electroplating Tool Menu, verify the correct settings are entered [2-SCREEN].  
3.3.1. Talent clicks the “Electroplating” icon on the desktop
3.3.2. Show the correct settings in the Electroplating Tool Menu

3.4. Afterward, select ‘exit software’ to finish electroplating [1-SCREEN]. Rinse the mPD-plated electrode tips with DI water and store it for 24 hours before calibrating [2-MED-TXT].
3.4.1. Show that ‘exit software’ is selected 

3.4.2. Talent rinses the mPD-plated electrode tips with DI water. Text: Store for 24 h

4. Preparing the solutions needed for calibration 

4.1. In this procedure, turn on a heating pad at 37 °C [1-MED-over the shoulder] and connect the headstage to the recording control system [2-MED-over the shoulder].  Then, insert the MEA tip into 40 mL of stirred 0.05 M PBS [3-CU].
4.1.1. *Film as written TEXT: Alternatively, a water bath can be used 
4.1.2. *Film as written

4.1.3. CU the MEA as it is inserted into 40 mL of stirred PBS
4.2. Next, connect the reference electrode to the headstage [1-MED-over the shoulder]. Flick the reference electrode tip to ensure there are no air bubbles [2-CU].
4.2.1. *Film as written

4.2.2. CU the reference electrode as it is flicked to remove air bubbles
4.3. After that, open the recording program and click “Calibration” [1-MED-over the shoulder]. Make sure the settings are correct, then choose the MEA number and press “Start” [2-SCREEN].  Allow 5-10 minutes for equilibration and begin calibration once the baseline has stabilized [3-SCREEN].
4.3.1. Talent opens the recording program on the computer monitor and clicks “Calibration”
4.3.2. Show that the MEA number is chosen and “Start” is pressed
4.3.3. Show the stabilized baseline. Text: 5-10 min

4.4. Next, select “Baseline” and add 500 μL of ascorbic acid [1-MED-over the shoulder].  Then, select “Interferent” once the current has reached a new, steady plateau [2-SCREEN]. If the MEA is properly electroplated, no change should be observed [3-SCREEN].
4.4.1. Talent selects “Baseline” on the computer monitor

4.4.2. Show a steady plateau of the current and that “Interferent” is selected

4.4.3. Show that there is no change in current 
4.5. Next, add 40 μL of 20 mM L-glutamate [1-MED]. Once the current has reached a new, steady plateau, mark 1st addition as “Analyte” [2-SCREEN]. Repeat three times for a total of 3 glutamate additions [3-MED-TXT].
4.5.1. Talent adds 40 μL of L-glutamate

4.5.2. Show that the current is reaching a new, steady plateau and then mark 1st addition as “Analyte” 
4.5.3. Talent adds glutamate again. Text: Allow 30-60 s between additions.
4.6. Then, add 40 μL of dopamine [1-MED] and select “Test Substance” [2-SCREEN].  Subsequently, add 40 μL of peroxide [3-CU].  Select “Test Substance” and click the “Stop” button once the calibration is finished [4-MED-over the shoulder].  
4.6.1. *Film as written

4.6.2. Show that “Test Substance” is selected on the monitor
4.6.3. CU the peroxide as it is added to the beaker

4.6.4. Talent selects “Test Substance” on the computer monitor

5. Assemble the micropipette
5.1. In this step, place the micropipette centrally among all four platinum recording sites [1-MED-over the shoulder] and mount it 50-100 μm above the MEA using sticky wax and modeling clay [2-CU].
5.1.1. *Film as written

5.1.2. CU the micropipette as it is mounted 50-100 μm above the MEA using sticky wax and modeling clay

5.2. Using a DC adapter, clamp the red positive wire to the prepared silver wire on the gold pin side [1-CU], and clamp the black negative wire to platinum bath cathode [2-CU].
5.2.1. *Film as written

5.2.2. *Film as written
5.3. Next, plug in the DC adapter and look for the correct plating process [1-MED]. Bubbles should appear at the bath electrode and the reference electrode should turn to silver/gray color [2-CU].
5.3.1. Talent plugged in the DC adaptor
5.3.2. CU the bath electrode to show bubbles on it and the reference electrode turns silver/gray
6. General animal surgery for MEA recordings
6.1. In this procedure, place the animal in the stereotaxic device and use the ear bars to stabilize its head [1-MED-over the shoulder]. Make sure the animal is secured and the head does not move [2-CU]. 
6.1.1. Talent stabilizes the animal’s head with ear bars
6.1.2. CU the animal’s head to show that it doesn’t move
6.2. Then, apply the eye ointment using a sterile cotton applicator [1-CU].  After that, shave the head with a trimmer and remove the fur near the ears using the small surgical scissors [2-CU].
6.2.1. CU the animal’s head as the eye ointment is applied
6.2.2. CU the animal’s shaved head as the fur near its ears is removed 
6.3. Subsequently, apply iodine and then alcohol to the scalp three times alternatively [1-MED-over the shoulder]. Following this, make an incision in the middle of the scalp and spread the skin [2-CU]. Soak up any blood with a sterile cotton tip and apply hydrogen peroxide to facilitate the appearance of bregma and lambda [3-CU].
6.3.1. Talent applies iodine and then alcohol to clean the scalp once
6.3.2. CU the head as an incision is made in the middle of the scalp and the skin is spread by clamps

6.3.3. CU the head as hydrogen peroxide is applied to the skull to facilitate the appearance of bregma and lambda
6.4. Make sure the head is properly positioned by measuring the Dorsal-Ventral and Medial-Lateral coordinates of bregma and lambda, set the coordinates at bregma to zero [1/4-MED-over the shoulder], and mark the target coordinates [2-SCOPE]. Next, drill around the mark [3-SCOPE].
6.4.1. Talent sets the coordinates of bregma to zero (recorded as 6.4.4)
6.4.2. Show that the target coordinates are marked
6.4.3. Show that the target mark is drilled
6.4.4. NEW SHOT: close up on head Editor – I guess use to cover 6.4.1?
6.5. Afterward, attach the MEA to the headstage [1-MED-over the shoulder]. Backfill the pipette with the first desired solution. Be sure to leave a gap in the pipette without solution so that the solution being expelled can be examined [2-CU]. Then, attach the tubing to the glass micropipette [3-CU].
6.5.1. *Film as written

6.5.2. CU the pipette as it is backfilled and show that a gap is left without solution
6.5.3. CU the tubing as it is attached to the glass micropipette
6.6. Find the bregma with the MEA attached and set the coordinates to zero [1-SCOPE]. Move the MEA to the desired coordinates and slowly lower the MEA until the tip touches the brain [2-SCOPE]. Next, zero the Dorsal-Ventral coordinate and then slowly lower the MEA into the brain [3-SCOPE].
6.6.1. Show that the MEA is moved to the bregma
6.6.2. Show that the MEA is moved to the desired coordinates and lowered until the tip touches the brain
6.6.3. Show that the MEA is slowly lowered into the brain 
6.7. On the recording program, click on the desired calibrated electrode and then click “Perform Experiment” to start recording [1-MED-over the shoulder]. After obtaining a stable baseline, set the pressure ejector to 0.6 s and 0.5 psi, and press the red button on the pressure ejector to eject [2-MED-over the shoulder]. Record the time and pressure as well as volume/ticks moved on the injection sheet and make any notes if necessary [3-CU]. 
6.7.1. Talent clicks on the desired calibrated electrode and then clicks “Perform Experiment” on the computer monitor
6.7.2. *Film as written

6.7.3. The time, pressure and volume/ticks moved are recorded 
6.8. After that, remove the MEA with the micropipette attached [1-CU], rinse it with DI water and soak it in PBS overnight until all the blood is gone [2-CU].
6.8.1. CU the MEA with the micropipette as they are removed
6.8.2. Rinsed with DI water 

7. Results: Extracellular tonic and potassium chloride-evoked release of glutamate in hippocampus 
7.1. In the CA3 and CA1 regions of the hippocampus, tonic glutamate levels were significantly increased in the vehicle-treated TauP301L mice, an effect attenuated by riluzole treatment [1-LM].

7.1.1. 7.1A-Tonic .tiff: Show the graph and then add the signs “#” and “*”
7.2. Here, the baseline-matched representative recordings of KCl-evoked glutamate release in the CA3 showed riluzole treatment attenuated the significant increase in the amplitude of glutamate release observed in Veh-TauP301L mice [1-LM]. Local application of KCl produced a robust increase in extracellular glutamate that rapidly returned to tonic levels [2-LM].

7.2.1. 7.1B-Amplitude .tiff: Show the panels in figure B with the left one first, then add the second left, 

7.2.2. 7.1B-Amplitude .tiff: Add the third left panel and then the scale bars
7.3. The significantly increased KCl-evoked glutamate release in the DG, CA3, and CA1 observed in the vehicle-treated TauP301L mice after local application of KCl was attenuated with riluzole treatment [1-LM].
7.3.1. 7.1C-KCl .tiff: Show the graph and then add the signs “#” and “*”
7.4. This cresyl violet-stained section of hippocampus confirms the location of MEA tracks in CA3 and CA1 [1-LM].
7.4.1. 7.1D-IHC .tiff
8. Conclusion (said by authors on camera)

8.1. Holly Hunsberger: While attempting this procedure, it’s important to remember the troubleshooting steps listed in the manuscript. For instance, to reduce noisy signals, remember to ground the system and follow the steps in a timely manner. 
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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