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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 

Can you record movies/images using your own microscope camera? (Y/N) N/A  

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.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 

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.) 3.3, 5.1, 7.1
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.) 3.3, we ensure success by always using fresh working solutions of graphite oxide 
E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations? ___________________________________________________

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Gert Jan Willem Euverink: This method can help answer key questions in the bioprocess technology field, such as biomass conversion or biogas production from organic waste. 
1.2. Selvaraj Chinnathambi: The main advantage of this technique is that the pH electrodes are small, easy to manufacture in house, cost effective, and work without a traditional reference electrode.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Gert Jan Willem Euverink: The implications of this technique extend to multiple micro-reactor fermentations because pH is an important parameter. Conventional pH electrodes are too large and too expensive for a micro-reactor screening system.  

1.4. Selvaraj Chinnathambi: Though this method can provide insight into multiple fermentation processes on a small scale, it can also be applied to chemical or biological processes where pH measurements are important.
Protocol: (read by voice talent at JoVE)
2. Preparation of Graphite Oxide 

2.1. First, add 3 grams of graphite to 69 milliliters of concentrated sulfuric acid and stir the solution until the graphite has completely dispersed [1-WIDE/MED]. Add 1.5 grams of sodium nitrite [2-MED-over the shoulder]. After 1 hour of stirring, place the container in an ice bath [3-MED].  
2.1.1. Talent adds graphite to container of sulfuric acid containing a magnetic stir bar that has been previously placed on a stir plate and turns on the stirring.

2.1.2. Talent adds sodium nitrite to container of graphite solution.

2.1.3. Talent transfers container of graphite solution from stir plate to ice bath.
2.2. Add 9 grams of potassium permanganate to the dispersion and remove the container from the ice bath [1-MED-over the shoulder].  
2.2.1. Talent adds potassium permanganate to dispersion, removes the ice bath, and places the container back on the stir plate.
2.3. After allowing the solution to warm to room temperature, add 138 milliliters of Milli-Q water dropwise [1-CU]. Then, add 420 milliliters of Milli-Q water and maintain the temperature at 90 degrees Celsius for 15 minutes using a hot plate [2-MED]. Add 7.5 milliliters of 30 percent hydrogen peroxide to the hot dispersion [3-MED-over the shoulder]. 
2.3.1. Dispersion as talent adds distilled water to it.

2.3.2. Talent adds additional distilled water to dispersion and turns on heating.

2.3.3. Talent adds hydrogen peroxide to stirring dispersion.
2.4. After transferring the dispersion to a centrifuge tube, collect the product by centrifugation at 10,000 x g for 20 minutes [1-MED]. After discarding the supernatant, wash the pellet 4 times with warm double-distilled water and 2 times with 10 percent hydrochloric acid [2-MED-over the shoulder]. Finally, wash the pellet 2 times with ethanol and dry it at 50 degrees Celsius in the oven [3-MED].  

2.4.1. Talent places tube in centrifuge, inputs the settings, and turns on the centrifuge. Show centrifuge settings in frame if possible.  
2.4.2. Talent washes the pellet once with Milli-Q water.  If there is time, show the second water wash. Show water and hydrochloric acid container labels in frame if possible.

2.4.3. Talent washes pellet once with ethanol and places it in the oven.
3. GO-deposited Electrode Preparation
3.1. Disperse 10 milligrams of graphite oxide in 10 milliliters of Milli-Q water and then sonicate the dispersion in an ultrasonic bath for 6 hours [1-MED]. Following ultrasonication, remove the unexfoliated graphite oxide flakes by centrifugation for 30 minutes at 2,700 x g [2-MED-over the shoulder]. After centrifugation, discard the solid particles and use the supernatant for further experiments [3-MED-TXT].  
3.1.1. Talent adds graphite oxide to container of water, places container in ultrasonic bath, and turns on ultrasonic bath.
3.1.2. Talent places dispersion in centrifuge, inputs the settings, and turns on the centrifuge. Show centrifuge settings in frame if possible.  
3.1.3. Talent discards solid particles from sample. TEXT: Exfoliated GO flakes dispersion is stock solution.

3.2. To prepare the working solution, dilute the graphite oxide stock solution two-fold with Milli-Q water [1-MED-over the shoulder].  

3.2.1. Talent adds Milli-Q water to sample of stock solution. 
3.3. Now, add 2 microliters of the graphite oxide working solution on top of an exposed interdigitated gold electrode [1-CU-TXT]. After drop casting, dry the graphite-oxide electrode at room temperature for 12 hours [2-MED].  
3.3.1. Gold electrode as talent adds graphite oxide working solution to it. TEXT: See figures 1A and 2.

3.3.2. Talent places electrode in closed glass petri dish on lab bench.
4. Reduction of GO to Electrochemically Reduced Graphene Oxide

4.1. Insert the electrode in a PDMS electrode holder [1-MED]. Place the other part of the electrode holder, which serves as a solution reservoir, on top of the electrode [2-MED-over the shoulder]. Assemble the holders by clipping the two parts together using two paper clips [3-MED-TXT]. 
4.1.1. *Film as written.

4.1.2. *Film as written.

4.1.3. *Film as written. TEXT: Holder should not cover electrode. 

4.2. Next, pipet 300 microliters of 0.2 molar phosphate buffer in the reservoir [1-MED-over the shoulder]. Then, place the reference and counter electrodes in the solution in such a way that they are placed close to the surface of the graphite oxide film [2-CU]. 
4.2.1. Talent adds phosphate buffer to reservoir.

4.2.2. Reservoir as talent places reference and counter electrodes in solution.
4.3. Connect the electrodes with a potentiostat connected to a computer for data acquisition [1-MED]. Use cyclic voltammetry for the electrochemical reduction and select the appropriate potential range and scan rate. Cycle the voltage over the electrode 10 times between 0 to minus 1.2 volts [2-SCREEN-TXT].  
4.3.1. Talent connects electrodes to potentiostat.

4.3.2. SCREEN: *To be submitted by Author, 58422_Euverink_SCREEN_4.3.2. TEXT: Potential range: 0 to -1.2 V, scan rate: 50 mV/s. Video Editor: overlay should at mention of “appropriate potential range and scan rate” in the second sentence.
4.4. After the experiment, remove the electrode from the holder and repeatedly wash it with Milli-Q water [1-MED-over the shoulder]. Then, dry the electrode in an oven at 101 degrees Celsius for 12 hours [2-MED]. 
4.4.1. Talent removes electrode from holder and washes it with Milli-Q water.

4.4.2. Talent places electrode in oven.
4.5. When the electrode is dry, remove it from the oven and allow it to cool down to room temperature [1-MED-over the shoulder]. Then, measure the conductivity of the ERGO (pronounced E-R-G-O) electrode with a multimeter [2-MED]. 
4.5.1. Talent removes electrode from oven and places it on lab bench to cool.

4.5.2. Talent connects electrode to multimeter and measures the conductivity. 
5. Polyaniline Functionalization of the ERGO Electrode
5.1. Add 300 microliters of aniline monomer to the solution reservoir [2-MED-over the shoulder]. Prepare a 10 millimolar solution of aniline monomer for the polyaniline functionalization by dissolving 5 microliters of 10 millimolar aniline in 5 milliliters of 1 molar sulfuric acid [1-MED]. Then, place the ERGO-deposited electrode into the electrode holder as previously described [3-MED]. 
5.1.2. Moved shot: Talent adds monomer to reservoir. 
5.1.1. Talent combines aniline and sulfuric acid in a container and manually mixes the contents. Show aniline container label in frame if possible. 

5.1.2. Talent adds monomer to reservoir. 
5.1.3. Talent inserts electrode in electrode holder.
5.2. Use cyclic voltammetry for the electropolymerization of aniline to functionalize ERGO into ERGO-PA (pronounced E-R-G-O P-A) and select the appropriate potential range and scan rate. Cycle the voltage over the electrode 50 times between 0 to 0.9 volts [1-SCREEN-TXT].  
5.2.1. SCREEN: *To be submitted by Author, 58422_Euverink_SCREEN_5.2.1. TEXT: Potential range: 0 to 0.9 V, scan rate: 50 mV/s. Video Editor: overlay should at mention of “appropriate potential range and scan rate” in the first sentence.
5.3. After the polyaniline deposition, remove the electrode and repeatedly wash it with Milli-Q water [1-MED]. Then, dry the electrode at 80 degrees Celsius in the oven for 12 hours [2-MED-over the shoulder]. 
5.3.1. Talent removes electrode from holder and washes it with Milli-Q water.

5.3.2. Talent places electrode in oven.
5.4. When the electrode is dry, remove it from the oven and allow it to cool down to room temperature before measuring the conductivity of the electrode with a multimeter [1-MED].  
5.4.1. Talent removes electrode from oven and places it on lab bench to cool.
5.5. Next, add 0.2 molar sodium hydroxide to Britton-Robinson buffer solution until the pH is 5 [1-MED-over the shoulder-TXT]. 
5.5.1. Talent adds sodium hydroxide to buffer solution and checks the pH. TEXT: Keep electrode in buffer for 24 h. 

5.6. To prepare a Britton-Robinson universal buffer solution, mix 0.04 moles of phosphoric acid, 0.04 moles of acetic acid, and 0.04 moles of boric acid in 0.8 liters of MilIi-Q water [1-MED]. Then, add MilIi-Q water until the final volume is 1 liter [3-MED].
5.6.1. Talent adds all reagents to container and manually shakes container to mix the contents. Show phosphoric acid, acetic acid, and boric acid container labels in frame if possible.

5.6.2. Talent adds sodium hydroxide to container of buffer solution and checks the pH.

5.6.3. Talent adds Milli-Q water to container of buffer solution.
6. ERGO-PA Electrode Testing at Different pH (Pre-calibration Before Nafion Coating)
6.1. After conditioning the electrode in the pH 5 buffer solution, measure its resistance in solutions of different pH by first dipping it directly in the buffer solution [1-MED-over the shoulder-TXT]. Then, connect the other part of the electrode to a computer-controlled potentiostat for data acquisition [2-MED].  
6.1.1. Talent dips electrode in one of the buffer solutions. TEXT: pH 4 – 9; change pH with 0.2 M NaOH. Video Editor: overlay should appear at mention of “solutions of different pH”.
6.1.2. Talent connects electrode to potentiostat.
6.2. Choose amperometry i-t (pronounced current versus time) curve from the list of techniques and apply a 100 millivolt potential difference to the electrode [1-SCREEN].  
6.2.1. SCREEN: *To be submitted by Author, 58422_Euverink_SCREEN_6.2.1.
6.3. After the measurements, dry the electrode at room temperature for 12 hours [1-MED].
6.3.1. Talent places electrode on lab bench for drying. 

7. Preparation of the Nafion-coated ERGO-PA Electrode
7.1. Add 5 microliters of 5 weight percent Nafion on top of the ERGO-PA electrode and dry the electrode at room temperature for 12 hours [1-MED-over the shoulder].  
7.1.1. Talent places electrode in open glass petri dish on lab bench and adds Nafion to it. 

7.2. After the Nafion coating, keep the electrode in the buffer solution at pH 5 for 24 hours before pH measurements [1-MED]. 
7.2.1. Talent places electrode in buffer solution.
7.3. After conditioning in the pH 5 buffer solution, remove the Nafion-coated ERGO-PA electrode and measure the resistance of the electrode from pH 4 to 9 as previously described [1-MED-over the shoulder]. 
7.3.1. Talent dips electrode in one of the buffer solutions and starts measurement in computer software. 
8. Preparation of L. lactis Culture Medium
8.1. Add 9.3 grams of M17 powder to 250 milliliters of demineralized water [1-MED]. Slowly agitate the solution until the powder dissolves completely [2-MED-over the shoulder]. Then, autoclave the solution at 121 degrees Celsius for 15 minutes [3-MED]. 
8.1.1. Talent adds powder to container of water containing a magnetic stir bar.

8.1.2. Talent places container on stir plate and turns on stirring.

8.1.3. Talent places container in autoclave.
8.2. Next, add 50 milliliters of the sterilized M17 medium in a 250-milliliter sterilized flask with a magnetic stir bar [1-MED-over the shoulder]. Add 8 milliliters of autoclaved 1 molar glucose solution to the medium [2-MED]. Then, inoculate the solution with 10 microliters of an L. lactis culture, previously grown in the same culture medium [3-MED-over the shoulder].
8.2.1. Talent adds medium to flask.

8.2.2. Talent adds glucose solution to flask.

8.2.3. Talent adds culture to flask.
8.3. Place the flask with the inoculated culture medium on a magnetic stir plate in an incubation oven at 30 degrees Celsius for 18 hours while stirring [1-MED]. Monitor the pH during incubation [2-MED-over the shoulder].
8.3.1. Talent places flask and stir plate in  thermostat and turns stirring on.

8.3.2. Talent checks pH of medium. 
9. Testing of the ERGO-PA-NA pH Response in an L. lactis Fermentation Experiment

9.1. Place the ERGO-PA-NA (pronounced E-R-G-O P-A N-A) electrode into the L. lactis culture and close it with a cotton plug [1-MED-over the shoulder]. Then, place the set-up into a thermostat at 30 degrees Celsius to grow L. lactis [2-MED]. 

9.1.1. Talent places electrode in flask of culture and seals flask with cotton plug. 
9.1.2. *Film as written.
9.2. Following this, apply 100 millivolts to the electrode and measure the current against time [1-SCREEN]. 
9.2.1. SCREEN: *To be submitted by Author, 58422_Euverink_SCREEN_9.2.1.
9.3. Take 0.5-milliliter samples at different time points to measure off-line the optical density at 600 nanometers and the pH with a conventional glass electrode [1-MED]. Continue the measurements until the optical density of the culture becomes constant, indicating that the bacteria are not growing anymore [2-LM].  
9.3.1. Talent removes sample from reservoir.

9.3.2. *To be submitted by Author. Excel graph plot of OD values against time showing the OD value becoming constant at the end of the growth. 
10. Results: Fabrication of ERGO-PA-NA Electrodes to Detect pH Changes During Microbial Fermentation
10.1. The appearance of a strong reduction peak around minus 1.0 volts illustrated the reduction of graphite oxide to ERGO [1-LM]. The intensity of the peak depends on the number of graphite oxide layers on the electrode [2-LM]. 
10.1.1. 58422fig3.jpg: Highlight blue peak labeled 1 mg/ml GO.
10.1.2. 58422fig3.jpg
10.2. When the ERGO-PA electrode was placed in pH 4 to 9 buffer solutions, the current increased with increasing pH due to the doping and dedoping of holes during the protonation/deprotonation process [1-LM]. The response of the electrode was immediately stable when the addition of sodium hydroxide stopped at a particular pH [2-LM].  
10.2.1. 58422fig5.jpg: Highlight red line. 
10.2.2. 58422fig5.jpg
10.3. The conductivity of the electrode was not affected much by the Nafion coating, but a few ohms of difference in the resistance value occurred and changed the base current value of the ERGO-PA electrode [1-LM]. Similar to the ERGO-PA electrode, the resistance of the ERGO-PA-NA electrode changed when the pH of the buffer solution changed from 4 to 9 [2-LM]. 
10.3.1. 58422fig6.jpg

10.3.2. 58422fig6.jpg: Highlight red line.
10.4. Once the growth of L. lactis started, the current of the ERGO-PA-NA electrode decreased gradually and then accelerated during the exponential growth-phase, reaching a stable value at the end of the growth [1-LM]. The final value of the current is comparable to the current value of the ERGO-PA-NA electrode tested in buffer solution [2-LM]. 

10.4.1. 58422fig7.jpg: Highlight curve from 0 to 8 h at mention of “the current of the ERGO-PA-NA electrode decreased gradually and then accelerated during the exponential growth-phase of L. lactis”. Highlight curve from 14 to 18 h at mention of “reaching a stable value at the end of the growth”. 
10.4.2. 58422fig7.jpg: Highlight or emphasize inset.
11. Conclusion (said by authors on camera)

11.1. Selvaraj Chinnathambi: While attempting this procedure, it’s important to remember to completely cover the gold electrodes with the graphene oxide. [This connects to step 3.3].
11.2. Gert Jan Willem Euverink: After its development, this technique paved the way for researchers in the field of process control to manufacture and explore small and cost-effective pH electrodes in chemical and biological systems.

11.3. Selvaraj Chinnathambi Don't forget that working with concentrated sulfuric acid, sodium nitrite, potassium permanganate and hydrogen peroxide can be extremely hazardous and precautions such as temperature control using an ice bath and working in a fume hood should always be taken while performing this procedure.   

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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