[image: ]DRAFT: DO NOT USE FOR FILMING


Submission ID #:  62707
Scriptwriter Name: Shehnaz Lokhandwala
Supervisor Name: Anastasia Gomez
Project Page Link: https://www.jove.com/account/file-uploader?src=19125683

Title: Electrochemical Preparation of Poly(3,4-Ethylenedioxythiophene) Layers on Gold Microelectrodes for Uric Acid-sensing Applications

Authors and Affiliations: 
Mahsa Motshakeri1, Anthony R. J. Phillips2,3, Paul A. Kilmartin1

1School of Chemical Sciences, The University of Auckland
2School of Biological Sciences, The University of Auckland
3Surgical and Translational Research Center, The University of Auckland


☐   All author names and affiliations are correct.


Corresponding Authors: 
[bookmark: _Hlk25233958]Paul A. Kilmartin			(p.kilmartin@auckland.ac.nz)

Email Addresses for All Authors: 
mmot446@aucklanduni.ac.nz
a.phillips@auckland.ac.nz
 p.kilmartin@auckland.ac.nz





Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
[bookmark: _Hlk72409907]If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye. 
Please list the make and model of your microscope.
Enter make and model of microscope.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
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. Please upload all screen captured video files to your project page as soon as possible.

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☐ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

☐ 	Interviewees self-record interview statements. JoVE can provide support for this option.

☐ 	Interview Statements are read by JoVE’s voiceover talent. 

4. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.



To ensure that your script can be filmed in one day, the Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  22
Number of Shots:  54 

Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

REQUIRED: What is the main advantage of this technique?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.



Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.6. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.  
1.6.1. INTERVIEW: Author saying the above. 
1.6.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

1.7. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

Authors: Acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-uploader?src=19125683

2. Preparing Analytical Solutions
2.1. To prepare 0.1 molar EDOT in an organic solution, first transfer 1 milliliter of the prepared 0.1 molar lithium perchlorate solution into an electrochemical cell [1-TXT]. Then, using a micropipette, add 10.68 microliters of the EDOT monomer to the electrochemical cell [2]. Authors: How should the JoVE voiceover talent pronounce EDOT? Is it E-D-O-T or E-dot?
2.1.1. WIDE: Establishing shot of talent transferring 1 mL of LiClO4 into an electrochemical cell. TEXT: EDOT: 3,4-ethylenedioxythiophene
2.1.2. Talent adding 10.68 μL of the EDOT monomer to the electrochemical cell.

2.2. To electropolymerize EDOT on the bare gold microelectrode surface, insert all electrode setups in the solution [1] and run cyclic voltammetry [2-TXT]. Then, using scanning electron microscopy, characterize the surface of this modified electrode [3].
2.2.1. Talent inserting all electrode setups in the solution.
2.2.2. SCREEN: Running the CV scan. TEXT: See text for parameters of all cyclic voltammetry runs	Comment by Shehnaz Lokhandwala: Authors: Please confirm that all shots labeled SCREEN be recorded from the computer screen using screen capture videos.

If yes, please acquire screen capture videos for all shots labeled SCREEN and upload them to your project page.
2.2.3. LAB MEDIA: Figure 2C and 2D. Authors: Please check that the correct images are referred to here. Alternatively, would you like to demonstrate this through a screen capture video?

2.3. To use this modified electrode for sensing purposes, acclimatize its surface to an aqueous solution by immersing the electrode in a 0.1 molar sodium perchlorate solution [1] and running cyclic voltammetry scans [2].
2.3.1. Talent immersing electrode in the sodium perchlorate solution.
2.3.2. SCREEN: Running the CV scan

2.4. Then, after rinsing with ___ [1], immerse this organically PEDOT-modified and acclimatized microelectrode in a phosphate buffer solution [2-TXT] and run cyclic voltammetry to generate a background scan [3]. Authors: Authors: How should the JoVE voiceover talent pronounce EDOT? Is it P-E-D-O-T or pee-dot?
2.4.1. Talent rinsing the electrode. Authors: Is this step correct? What do you rinse the electrode with here?
2.4.2. Talent immersing the electrode in PBS. TEXT: PEDOT: Poly(3,4-ethylenedioxythiophene)
2.4.3. SCREEN: Running the CV scan.

2.5. Finally, take the electrode out from the buffer solution [1], and without rinsing, immediately insert it into uric acid solutions [2] or milk samples [3] for running cyclic voltammetry scans [4].
2.5.1. Talent taking the electrode out from the buffer solution.
2.5.2. Talent inserting the electrode into uric acid solutions.
2.5.3. Talent inserting the electrode into milk samples.
2.5.4. SCREEN: Running the CV scan.

2.6. Next, to prepare 0.01 molar EDOT in an aqueous solution, using a micropipette, add 10.68 microliters of EDOT to 1 milliliter of aqueous acetonitrile in a glass vial [1]. Then, add 9 milliliters of deionized water to the vial to prepare 10 milliliters of 0.01 molar EDOT solution [2].
2.6.1. Talent adding EDOT to ACN in a glass vial.
2.6.2. Talent adding 9 mL deionized water to the vial.

2.7. Add 110 milligrams of lithium perchlorate powder to the prepared EDOT solution to obtain a 0.1 molar lithium perchlorate solution [1] and mix gently [2].
2.7.1. Talent adding LiClO4 powder.
2.7.2. Talent mixing the solution.

2.8. Transfer the prepared solution to the electrochemical cell [1], insert the electrode in the aqueous acetonitrile solution [2], and electropolymerize 0.01 molar EDOT on the electrode surface by running cyclic voltammetry [3]. Then, characterize the surface of this modified electrode by scanning electron microscopy [4].
2.8.1. Talent transferring the prepared solution to the electrochemical cell.
2.8.2. Talent inserting the electrode in the acetonitrile solution.
2.8.3. SCREEN: Running the CV scan.
2.8.4. LAB MEDIA: Figure 2E and 2F. Authors: Please check that the correct images are referred to here. Alternatively, would you like to demonstrate the scanning live/ through a screen capture video?
3. Pretreatment of the Gold Microelectrode
3.1. To pretreat the gold microelectrode, polish it for 30 seconds with alumina slurry on an alumina polishing pad placed on a glass polishing plate, applying circular and eight-shaped hand motions [1]. 
3.1.1. WIDE: Talent polishing the gold microelectrode.

3.2. Then, rinse the microelectrode with deionized water [1], insert it in a glass vial containing 15 milliliters of absolute ethanol [2], and ultrasonicate for 2 minutes [3].
3.2.1. Talent rinsing the microelectrode with deionized water.
3.2.2. Talent inserting it in a glass vial with 15 mL ethanol. TEXT: Use LR-grade ethanol
3.2.3. Talent ultrasonicating the microelectrode.

3.3. Next, rinse the microelectrode with ethanol [1] and water [2], and ultrasonicate it again for 4 minutes in deionized water to remove excess alumina from the electrode surface [3].
3.3.1. Talent rinsing the microelectrode in ethanol.
3.3.2. Talent rinsing the microelectrode in water.
3.3.3. Talent ultrasonicating the microelectrode in deionized water.

3.4. Finally, remove additional impurities by cycling in 0.5 molar sulfuric acid [1] for 20 segments between negative 0.4- and 1.6-volt potentials at a scan rate of 50 millivolts per second [2]. 
3.4.1. Talent immersing the microelectrode in sulfuric acid.
3.4.2. SCREEN: Setting the parameters for the CV (20 segments, -0.4 and 1.6 V potentials, 50 mV/s scan rate), running CV.

3.5. Ensure there are two clear peaks due to the formation and reduction of gold oxide at consistent anodic and cathodic potentials each time the electrode is cleaned in sulfuric acid [1].
3.5.1. SCREEN: Two clear peaks due to the formation and reduction of gold oxide.
Authors: You could provide an image of the two peaks here instead of a screen capture video.

4. Cyclic Voltammetry Technique	Comment by Shehnaz Lokhandwala: Authors: I have scripted the protocol based on the sequence used in the manuscript. However, should we demonstrate the pretreatment of the gold microelectrode (section 3) and the Cyclic Voltammetry Technique (section 4) prior to using them in section 2, thus changing the effective order to section 3, section 4 and then section 2?

4.1. Use a suitable potentiostat to run cyclic voltammetry as the electrochemical technique of interest [1]. Turn on the potentiostat [2] and the computer attached to it [3].
4.1.1. WIDE: Talent at the bench, potentiostat in view.
4.1.2. Talent turning on the potentiostat.
4.1.3. Talent turning on the computer.

4.2. To test the communication between the computer and the instrument, start the software [1] and switch on the instrument [2]. Under the Setup menu, select the Hardware Test command. If a Link Failed error appears [3], check the connection and port settings [4]. Authors: Does the instrument need to be switched on here again after it was turned on in 4.1.2?
4.2.1. Talent at the computer, opening software, monitor visible in frame. Videographer: Obtain a few shots of talent clicking the mouse and typing on the keyboard to use as b-roll throughout the video
4.2.2. Talent switching on the instrument.
4.2.3. SCREEN: Opening Setup menu, selecting Hardware Test, Link Failed error appearing.
4.2.4. Talent checking the connection and port settings.

4.3. After testing the connections, open the potentiostat software on the computer, and from the method command, choose the cyclic voltammetry method. Then, click on parameters, and begin entering the appropriate experimental parameters [1].
4.3.1. SCREEN: Opening potentiostat software, clicking method command, choosing cyclic voltammetry method, clicking on parameters.

4.4. For example, to run PEDOT electropolymerization in an organic electrolyte on the bare gold microelectrode, set the initial potential to negative 0.3 V, final potential to negative 0.3 V, high potential to 1.2 V, number of segments to 8, scan rates to 100 millivolts per second, and direction to positive [1-TXT].
4.4.1. SCREEN: Setting initial potential to -0.3 V, final potential to -0.3 V, high potential to 1.2 V, number of segments to 8, scan rates to 100 mV/s, and direction to positive. TEXT: See text for parameters for other experimental conditions
 
4.5. After entering the appropriate cyclic voltammetry parameters, prepare three electrode setups in a glass electrochemical cell, including a working electrode [1-TXT], a reference electrode [2-TXT], and a platinum wire counter electrode [3].
4.5.1. Shot of the working electrode. TEXT: Au microelectrode, 10 μm diameter
4.5.2. Shot of the reference electrode. TEXT: E.g., Ag/AgCl in 3 M NaCl
4.5.3. Shot of the platinum wire counter electrode.

4.6. Pass these clean and dried electrodes through the holes of an electrode holder attached to a stand [1]. Then, drag the holder above the electrochemical cell to insert the electrodes in the target solution or sample [2].
4.6.1. Talent passing the electrodes through the holes of an electrode holder.
4.6.2. Talent inserting the electrodes in the target solution.

4.7. Ensure that there are no bubbles on the electrode surfaces [1]. If there are bubbles, remove the electrodes [2], rinse them with deionized water again and pat dry with a tissue [3], then place the electrodes back into the stand holder and in the solution [4].
4.7.1. Talent checking for bubbles on the electrode surface/shot of bubbles on the surface.
4.7.2. Talent removing the electrodes.
4.7.3. Talent rinsing electrodes with deionized water and drying with a tissue.
4.7.4. Talent placing the electrodes back into the stand holder and in the solution.

4.8. If there are bubbles around the reference electrode, tap the tip gently [1]. If there are bubbles around the counter electrode after starting the scan, clean the counter electrode [2]. If the cyclic voltammetry scan becomes noisy, clean the electrode surface and check the system connections, wires, and clips [3].
4.8.1. Talent tapping the tip of the reference electrode.
4.8.2. Talent cleaning the counter electrode.
4.8.3. Talent cleaning electrode surface and checking the system connections, wires, and clips.

4.9. After ensuring that all the three wire connections for reference, working, and counter electrodes are correctly connected, start the experiment by clicking on Run at the bottom [1].
4.9.1. SCREEN: Clicking on Run, experiment running. TEXT: Run all experiments at room temperature



Protocol Script Questions
Authors: Please use the step numbers from the script above (not step numbers from the manuscript) when answering the question below. Please do not include steps that will be screen-captured and do not list entire sections.

Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 208. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

5. Results: Detection of Uric Acid in Milk Samples using a PEDOT Microelectrode 
5.1. Analysis of uric acid content [1] in regular fresh milk using the PEDOT sensor synthesized in the organic solution [2] resulted in a 28.4-nanoampere anodic peak current at 0.35 volts, which is equivalent to a concentration of 82.7 micromoles [3].
5.1.1. LAB MEDIA: Figure 4A. 
5.1.2. [bookmark: _Hlk68693034][bookmark: _Hlk68098449]LAB MEDIA: Figure 4A. Video Editor: Emphasize the solid black curve representing the milk sample
5.1.3. LAB MEDIA: Figure 4A. Video Editor: Emphasize the peak at 0.35 V (first small peak) for the milk sample (solid black curve) 

5.2. The second large oxidation peak in the cyclic voltammetry scan of regular milk at 0.65 volts is related to oxidizable compounds, including electroactive amino acids such as cysteine, tryptophan, and tyrosine [1].
5.2.1. LAB MEDIA: Figure 4A. Video Editor: Emphasize the peak at 0.65 V (second large peak) for the milk sample (solid black curve)

5.3. The cyclic voltammetry scans obtained for caramel and white chocolate milk samples [1] show a clear peak at 0.36 volts [2], along with an additional peak at 0.56 volts that can be related to the presence of vanillic acid, one of the ingredients of flavored milk [2].
5.3.1. LAB MEDIA: Figure 4A. Video Editor: Emphasize the dotted curve representing the caramel and white chocolate milk sample
5.3.2. LAB MEDIA: Figure 4A. Video Editor: Emphasize the peak at 0.36 V (first small peak) for the caramel and white chocolate milk (dotted curve).
5.3.3. LAB MEDIA: Figure 4A. Video Editor: Emphasize the peak at 0.56 V (middle peak) for the caramel and white chocolate milk (dotted curve).

5.4. Cyclic voltammetry of the Belgian chocolate milk sample [1] demonstrates a catechin oxidation peak at 0.26 volts [1] and a catechin reduction peak at 0.22 volts [2]. The 0.36 volts peak current appearing as a sharp peak at the tail of the catechin peak is due to uric acid oxidation [3]. 
5.4.1. LAB MEDIA: Figure 4A. Video Editor: Emphasize the dot-and-dash curve representing the Belgian chocolate milk sample
5.4.2. LAB MEDIA: Figure 4A. Video Editor: Emphasize the upward peak at 0.26 V (first peak) for the Belgian chocolate milk sample (dot-and-dash curve)
5.4.3. LAB MEDIA: Figure 4A. Video Editor: Emphasize the inverted peak at 0.22 V for the Belgian chocolate milk sample (dot-and-dash curve)
5.4.4. LAB MEDIA: Figure 4A. Video Editor: Emphasize the upward peak at 0.36 V (middle peak) for the Belgian chocolate milk sample (dot-and-dash curve)

5.5. Cyclic voltammetry of Colombian espresso milk sample [1] exhibits broad anodic and cathodic peak currents at 0.35 volts [2] and 0.23 volts, respectively [3], due to the major phenolic antioxidants in coffee, namely, chlorogenic and caffeic acids [4].
5.5.1. LAB MEDIA: Figure 4B. Video Editor: Emphasize the dotted curve.
5.5.2. LAB MEDIA: Figure 4B. Video Editor: Emphasize the upward peak at 0.35 V for the dotted curve
5.5.3. LAB MEDIA: Figure 4B. Video Editor: Emphasize the inverted peak at 0.23 V for the dotted curve
5.5.4. LAB MEDIA: Figure 4B. Video Editor: Keep both peaks of the dotted curve emphasized



Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
6.1. Enter author name: (Enter step numbers referred to.) Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
6.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
6.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.


Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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