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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? Y 
Can you record movies/images using your own microscope camera? Y
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. 7X-45X Trinocular Stereo Zoom Microscope with Dual Halogen Lights (SM-2T AmScope)
2. Does your protocol include software usage? Yes, but no detailed use in the steps to be filmed (no screen capture necessary).
3. Which steps from the protocol section below will viewers benefit most from having filmed? 2.2, 2.4, 2.7, 2.8, 3.3, 3.7
1. Aspirating the carbon fiber into the capillary (2.2).
2. Pulling the electrode with the vertical capillary puller (2.4).
3. Cutting/epoxying the electrode (2.5, 2.7). (2.5 detailed shot will be provided by the authors)
4. Electrodepositing the gold onto the surface of the electrode (2.8, 2.9). (2.9 is non-detailed computer use)
5. Inserting the electrode into the flow cell using the micromanipulator (3.3).
6. Injecting dopamine into the flow cell (3.7).
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.7, 2.8
1. Cutting/epoxying the electrode (2.7).
2. Electrodepositing the gold onto the surface of the electrode (2.8, 2.9).
5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations? One lab room is on the 2nd floor, the other one is on the 4th floor, and one instrument is in another building.


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

REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.
Alexander Zestos: This method is significant because it enables neurochemical detection with high spatial and temporal resolution, which can potentially enhance in vivo methods of neurochemical detection. [1]
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Alexander Zestos: The main advantage of this technique is that it is a quick, easy, and reproducible method to enhance the sensitivity and temporal resolution of neurotransmitter detection. [1]
1.1.2. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Introduction of Demonstrator: (Said by you on camera)
Alexander Zestos: Demonstrating the procedure will be Sanuja Mohanaraj and Pauline Wonnenberg, grad students from my laboratory. [1][2]
1.1.3. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
1.1.4. MED: The named demonstrators look up from the workbench and acknowledge the camera.


Section - Protocol
2. Construction of Carbon-Fiber Microelectrodes (CFME)
To begin, separate carbon-fiber material into individual strands [1] and pull a single 7-micrometer-diameter (mike-ro-meet-ur /ˈmaɪkr oʊˌmiː tər/) carbon fiber from a strand. [2]
2.1.1. MED: Talent separates carbon fiber into strands of twisted yarn.
2.1.2. ECU: Talent pulls one carbon fiber from a strand of twisted yarn and shows it to the camera.
Connect a vacuum line to a borosilicate (bor-oh-sil-ih-kit /ˌbɔːr oʊˈsɪl ɪ kɪt/) glass capillary (cap-ih-lair-ee /ˈkæp ɪˌlær iː/) [1] and aspirate (asp-ih-rate /ˈæsp ɪˌreɪt/) the carbon fiber into the capillary. [2] Then, cut a 10-centimeter-by-25-centimeter piece of cardboard to serve as an electrode (eh-lek-trode /əˈlɛkˌtroʊd/) holder. [3]
2.1.3. MED: Talent attaches the adapter for the vacuum line to a capillary.
2.1.4. CU: Talent aspirates the carbon fiber into the capillary.
2.1.5. MED: Talent cuts a piece of cardboard to be the electrode holder.
Tape a paper towel around the cardboard as a support. Then, insert the capillary into the electrode holder [1] and carefully secure it in a vertical capillary puller. [2]
2.1.6. MED: Talent tapes a paper towel around the cardboard and inserts the capillary into the electrode holder.
2.1.7. MED: Talent raises the glass capillary to the top of the capillary puller and fixes the capillary in place by tightening the drill-chucks clockwise.
Configure the capillary puller to pull the glass capillary to a fine taper for electrode materials and start it. [1] Once pulling finishes and the heating coil has cooled, cut the carbon fiber connecting the two pulled electrodes. [2]
2.1.8. MED: Talent sets Heater 1, Heater 2, and Magnet to the appropriate settings and presses the red start button to start pulling the capillary.
2.1.9. MED: Talent opens the capillary puller (once pulling has finished and the coil has cooled) and cuts the carbon fiber connecting the two pulled electrodes.
Carefully remove the microelectrodes (mike-roh-eh-lek-trodes /ˌmaɪ krɵ əˈlɛk troʊds/) from the capillary puller. [1] Guided by a stereoscope (stehr-ee-oh-skope /ˈstɛr iː ɵˌskoʊp/) or microscope, [2] use a sharp blade or surgical scissors to trim the protruding carbon fiber on each electrode to about 100 to 150 micrometers in length. [3]
2.1.10. MED: Talent twists the drill-chucks counterclockwise to remove the electrodes.
2.1.11. MED: Talent places an electrode under the microscope.
2.1.12. SCOPE: To be provided by the authors – Show the view through the microscope of cutting the carbon fiber to 100-150 µm in length. Authors, please upload this video to your project page.
Next, in a 25-milliliter vial, use a cotton swab to mix 10 grams of epoxy (eh-pox-ee /əˈpɒks iː/) with 0.2 milliliters of hardener. [1] Fill another vial with acetone (as-seh-tone /ˈæs əˌtoʊn/). [2]
2.1.13. MED: Talent adds hardener to a labeled vial containing epoxy base and mixes them together with a cotton swab.
2.1.14. [bookmark: _GoBack]MED: Talent adds some acetone to another labeled vial. Author comment: 2.6.2-2.7.2 Shot and Slated
For each electrode, immerse the carbon fiber tip in epoxy for 15 seconds, [1] and then dip it in acetone for 3 seconds to remove excess epoxy. [2]
2.1.15. MED: Talent immerses the carbon fiber tip of the electrode in epoxy and holds it there. Videographer: Please get at least 7-8 seconds of footage for this shot.
2.1.16. CU: Talent lifts the electrode from the epoxy and dips it in acetone.
Next, use a micromanipulator (mike-ro-muh-nip-yu-late-er /ˌmaɪ krɵ məˈnɪp jʊ leɪt ər/) to place a carbon-fiber microelectrode and a silver-silver chloride (silver silver-chloride) reference electrode in a 0.5-millimolar solution of chloroauric (klor-oh-orr-ik /ˈklɔːr oʊˌɔːr ɪk/) acid in 0.1-molar aqueous (ache-wee-us /ˈeɪk wiː əs/) potassium chloride. [1]
2.1.17. MED: Talent attaches the electrodes to the micromanipulator and lowers the electrodes into a labeled 0.5 mM HAuCl4 solution. Videographer: Please get at least 12-13 seconds of footage for this shot.
[bookmark: _Hlk491166821]Connect the electrodes to a potentiostat (puh-tensh-ee-oh-stat /pəˈtɛnʃ i oʊˌstæt/) with the carbon-fiber microelectrode as the working electrode. [1-TXT] Scan the electrode from 0.2 volts to -1 volt at 50 millivolts per second for 10 cycles to perform electrodeposition (uh-lek-tro-dep-uh-zish-un /əˌlɛk trɵ dɛp əˈzɪʃ ən/). [2]
2.1.18. MED: Talent connects the electrodes to the potentiostat and then starts configuring the potentiostat for electrodeposition via the HDCV software. TEXT: See text for high-definition cyclic voltammetry software.
2.1.19. MED-Over shoulder: An over-shoulder view of the potentiostat software (already configured for electrodeposition) as talent clicks the arrow button to start the waveform and clicks start to begin recording measurements.
Alexander Zestos: It is critical to optimize the parameters for depositing the gold coating. Too much coating will cause noise and signal overload, while too little coating will not enhance neurochemical detection. [1]
2.1.20. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
3. Fast Scan Cyclic Voltammetry (FSCV) Testing with Dopamine
Before the test, prepare a 10-millimolar stock solution of dopamine (dope-uh-meen /ˈdoʊp əˌmiːn/) in perchloric (per-klor-ik /pərˈklɔːr ɪk/) acid and about a liter of pH 7.4 PBS-based (P-B-S) buffer in deionized water. [1-TXT]
3.1.1. WIDE: Talent brings a bottle of prepared PBS buffer and a vial of dopamine stock solution to the workspace. TEXT: See text for buffer composition Video Editor: Please show the text overlay during “and about…water” in the voice-over.
Pipette (pie-pet /paɪˈpɛt/) 1 microliter of the dopamine stock solution into 10 milliliters of buffer to make an approximately 1-micromolar dopamine solution. [1] Then, connect a carbon-fiber microelectrode and a silver-silver chloride reference electrode to a potentiostat. [2]
3.1.2. MED: Talent pipettes 1 µL of dopamine into 10 mL of PBS buffer, caps the vial, vortexes it, and then inverts the vial a few times to finish mixing them together.
3.1.3. MED: Talent connects a prepared CFME and the RE to the potentiostat. Videographer: Please get at least 9-10 seconds of footage for this shot.
Fix the carbon-fiber electrode and the reference electrode in the headstage (head-stage) of the flow cell apparatus (app-uh-rat-us /ˌæp əˈræt əs/) [1] and use the micromanipulator to lower them into the flow cell. [2]
3.1.4. MED: Talent connects the CFME and Ag/AgCl electrodes to the headstage. Author comment: Use 3.2.2
3.1.5. CU: Talent uses the micromanipulator to lower the CFME into the flow cell.
Draw 60 milliliters of the PBS buffer into a syringe, [1] fill the flow cell with buffer, and mount the syringe in a syringe pump. Start flowing buffer through the flow cell at a rate of 1 milliliter per minute. [2]
3.1.6. MED: Talent draws buffer solution into a large syringe.
3.1.7. MED: Talent clamps the syringe in a syringe pump, sets the pump to 1 mL/min, and starts the pump. Videographer: Please get at least 9-10 seconds of footage for this shot.
Then, configure the potentiostat to scan from -0.4 volts to 1.3 volts at 10 hertz (herrts /hɛrts/) and 400 volts per second. [1] Briefly apply the waveform to the microelectrode, observe the oscilloscope (aw-sil-uh-scope /ɒˈsɪl əˌskoʊp/), and adjust the gain to prevent overloading. [2-TXT]
3.1.8. MED-Over shoulder: An over-shoulder view of the potentiostat software of setting the default waveform to the dopamine waveform, setting the potentiostat to scan from -0.4 V to 1.3 V at 10 Hz and 400 V/s, and adjusting the gain.
3.1.9. MED: Talent applies the waveform, looks at the oscilloscope, adjusts the gain as needed, and stops applying the waveform. TEXT: If necessary, trim CFME to prevent overloading
Let the microelectrode equilibrate (ih-kwil-ih-brate /ɪˈkwɪl ɪˌbreɪt/) for 10 minutes in the buffer. [1] Then, draw the diluted dopamine solution into a syringe and connect it to the injection port of the flow cell. [2] Set the total run time on the potentiostat to 30 seconds. [3]
3.1.10. MED: Talent checks that the CFME is correctly positioned in the flow cell, and then moves away as though leaving it for 10 minutes.
3.1.11. MED: Talent draws the diluted dopamine solution into a syringe and connects it to the injection port.
3.1.12. MED-Over shoulder: An over-shoulder view of the potentiostat software as talent sets the total run time for 30 seconds.
Start recording measurements, wait 10 seconds, [1] and then inject 0.2 milliliters of dopamine solution into the flow cell. [2]
3.1.13. WIDE: Talent starts recording the measurements on the software and moves towards the flow cell.
3.1.14. MED: Talent injects 0.2 mL of the dopamine solution into the flow cell.
When the run finishes, process the data with high-definition cyclic voltammetry (vole-tam-ih-tree /voʊlˈtæm ɪ triː/) analysis software. Let the microelectrode re-equilibrate for 10 minutes before performing another test. [1]
3.1.15. MED-Over shoulder: An over-shoulder view of the software as talent opens the analysis program and analyzes a representative completed run. Videographer: Please get at least 12-13 seconds of footage for this shot.
When the tests are finished, clean the flow cell by injecting 3 milliliters of water and 3 milliliters of air into the buffer and injection ports three times each. [1]
3.1.16. MED: Talent injects 3 mL of water into the buffer port, injects air into the buffer port, and then injects 3 mL of water into the injection port. (The waste container should already contain a few milliliters of water to indicate that the cleaning process is underway.)


Section – Results
4. Results: Characterization and Performance of Gold-Modified Carbon-Fiber Electrodes
The thickness and particle size of the gold nanoparticle coatings could be controlled by the electrodeposition time. [1] 20 minutes of electrodeposition yielded a thick gold coating with sharp ridges, [2] while 5 minutes yielded a thin, uniform gold coating. [3]
4.1.1. LAB MEDIA: Figures 2b and 2c (the middle and bottom images of Figure 2, respectively) – Video Editor: Please add the caption ‘20 min electrodeposition’ under 2b and the caption ‘5 min electrodeposition’ under 2c. Please retain these captions throughout showing Figures 2b and 2c.
4.1.2. LAB MEDIA: Figures 2b and 2c – Video Editor: Emphasize 2b.
4.1.3. LAB MEDIA: Figures 2b and 2c – Video Editor: Emphasize 2c.
Gold nanoparticle-coated carbon-fiber microelectrodes had significantly higher peak oxidative (ox-ih-date-iv /ˈɒks ɪ deɪt ɪv/) currents [1] and faster electron-transfer kinetics than unmodified electrodes. [2]
4.1.4. LAB MEDIA: Figure 3 – Video Editor: At the start of “significantly higher…” in the voice-over, highlight the red peak on the right side of 3a (the graph at the top), emphasize 3b (the bar graph in the middle), and highlight the black bar (above AuNP CFME) in 3b.
4.1.5. LAB MEDIA: Figure 3 – Video Editor: Highlight both the peak on the right side of 3a and the dip on the left side of 3a, emphasize 3c (the bar graph on the bottom), and highlight the black bar (above AuNP CFME) in 3c.
The gold nanoparticle coating had no significant effect on the stability of the electrode responses, as demonstrated here in a solution of dopamine. [1]
4.1.6. LAB MEDIA: Figure 4 – Video Editor: Highlight the five boxes (the data points for gold nanoparticle-coated electrodes) and the horizontal line through them.
Both bare and [1] gold nanoparticle-coated electrodes [2] responded linearly (lin-ee-ur-lee /ˈlɪn iː ər liː/) to scan rate changes, [3] with a much greater magnitude of change in the gold-coated electrodes. [4] This indicated that dopamine adsorption (ad-zorp-shun /ædˈzɔːrp ʃən/) could be controlled via the scan rate. [5]
4.1.7. LAB MEDIA: Figure 5 – Video Editor: Highlight the black dots (the data points for bare electrodes).
4.1.8. LAB MEDIA: Figure 5 – Video Editor: Highlight the squares (the data points for gold-coated electrodes).
4.1.9. LAB MEDIA: Figure 5 – Video Editor: Highlight the diagonal lines passing through the black dots and the squares (the linear fits to the data).
4.1.10. LAB MEDIA: Figure 5 – Video Editor: Highlight the squares and the diagonal line passing through them.
4.1.11. LAB MEDIA: Figure 5
Both bare and gold nanoparticle-coated electrodes responded linearly between dopamine concentrations of 100 nanomolar to 10 micromolar. [1] An asymptotic (as-sim-tot-ik /ˌæs ɪmˈtɒt ɪk/) curve was observed at higher concentrations, indicating that dopamine is supersaturated (soop-er-satch-uh-rate-ed /ˌsuːp ərˈsæʧ ə reɪt əd/) at the electrode surface. [2]
4.1.12. LAB MEDIA: Figure 6 – Video Editor: Emphasize the bottom graph (Lower Conc.) as a zoom bubble from the rectangle at the left side of the top graph (the rectangle and arrow indicate that the lower graph is a zoomed-in portion of the outlined area in the upper graph). Also, emphasize the diagonal lines passing through the squares and black dots.
4.1.13. LAB MEDIA: Figure 6 – Video Editor: Emphasize the top graph and highlight the three squares and three dots to the right of the black rectangle in the top graph.


Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
Alexander Zestos: The ability to detect neurochemical changes on a faster timescale and at higher sensitivities will help answer complex questions in neuroscience. [1]
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Alexander Zestos: This method also has uses in analytical chemistry, metabolomics, and environmental science. While it is easy to learn, visual demonstration is critical for learning to make, modify, and test the microelectrodes. [1]
5.1.2. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Alexander Zestos: Future directions for this method include adjusting the deposition of gold and other coatings to account for thickness, size, shape, and morphology to optimize the detection of specific neurotransmitters. [1]
5.1.3. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Alexander Zestos: Researchers should practice handling small fibers under a microscope before trying this technique. Also, neurotransmitter stock solutions should be prepared in a fume hood because they use 0.1 M perchloric acid. [1]
5.1.4. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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