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Title:  Sensing of Barrier Tissue Disruption with an Organic Electrochemical Transistor
Corresponding Author:  Roisin M, Owens
Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N_____ If yes, please list make and model of your microscope: ______________________________
B.   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 steps_______2.3,5.1, 5.5, 5.6, 6.1, 6.2___________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Making sure not to destroy cell layer when adding and removing compounds; very careful pipetting is necessary
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to develop a low-cost, sensitive and rapid diagnostic for monitoring the health of barrier tissue. (Intro)
This is achieved by fabricating an organic electrochemical transistor (Text overlay:  OECT: organic electrochemical transistor) which can rapidly and sensitively monitor changes in ion flow in an electrolyte, by measuring changes in the source-drain current of the transistor. (P1)
Video editor, use the upper left cartoon without the dotted line square for P1.
As a second step, integrate a healthy barrier tissue layer grown on a filter onto the OECT device, to allow the monitoring of ion flow across the barrier tissue layer which will be partially blocked if the cell layer is healthy. (P2)  
Video editor, add the dotted line square on the upper left cartoon; then add the two solid lines in the middle (to indicate the zoom in); the add the upper right cartoon (labeled with “Healthy cell layer”).
If a toxic compound is added that destroys or disrupts the barrier tissue layer, ion flow across the cell layer will no longer be blocked (P3)

Video editor, upper right cartoon disappears and lower right cartoon (labeled with “Damaged cell layer”) emerges. 
Results are obtained that show that the OECT can successfully detect the toxic effects of a model compound, demonstrating that we can use the measurements from the transistor as a diagnostic for monitoring the health of barrier tissue (P4)
Video editor, use LAB_MEDIA 51102_Owens_Figure4. 
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Roisin Owens:  The main advantage of this technique over existing methods, like impedance spectroscopy, is that organic electronic devices have the potential to be produced at low cost and are amenable to high throughput screening. MVI_2489.MOV
1.2. Roisin Owens:  Demonstrating the procedure will be Scherrine Tria a grad student, and Marc Ramuz a postdoc, from my laboratory. 

1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera. MVI_2491.MOV
1.3. Scherrine Tria:  Though this method can provide insight into the cells of the gastrointestinal epithelium, it can also be applied to other systems, such as the skin, the kidney epithelium, and the blood brain barrier. MVI_2497.MOV
1.4. Marc Ramuz:  Visual demonstration of this method is critical as the steps required needed to integrate the cell layers with the device require careful manipulation. MVI_2493.MOV
Protocol (read by voice talent at JoVE):

2. Organic electrochemical transistor fabrication

2.1. To define thermally evaporated gold source and drain contacts via lift-off lithography, first, spin coat photoresist on a normal clean 3 inch x 1 inch glass slide at 3000 rpm for 30 s and bake the samples for 30 s at 110°C.  Next, define the patterns by photolithography with the use of a mask dedicated to the gold contacts.
2.1.1. MED-over the shoulder:  Talent spins coating photoresist on a normal clean 3 inch x 1 inch glass slide. Talent places the samples for baking  MVI_2448.MOV
2.1.1.1. Added shot: MED-over the shoulder: Talent takes off the samples from the hot plate.  MVI_2449.MOV
2.1.2. MED-over the shoulder:  Talent uses a mask (e.g. holding a mask or placing the mask) dedicated to the gold contacts to define the patterns. MVI_2451.MOV
2.1.3. MED-over the shoulder: Talent uses a mask (e.g. holding a mask or placing the mask) dedicated to the gold contacts to define the patterns. MVI_2451.MOV
2.2. Inside an evaporating chamber, deposit 5 nm and 100 nm of chromium and gold, respectively.  After that, lift-off the photoresist in an acetone bath for 1 hour, leaving the substrate with the source and drain gold contacts area only.  The desired length of the PEDOT:PSS channel is 1 mm, which is achieved by patterning using a parylene-C (Text overlay: Pa-C: parylene-C) peel-off technique.
2.2.1. MED-over the shoulder:  Talent prepares the equipment. Talent deposits chromium and gold in the evaporating chamber. MVI_2457.MOV
2.2.2. MED-over the shoulder:  Talent lift-off the photoresist in an acetone bath. MVI_2459.MOV
2.2.2.1. Added shot: CU: Talent lift-off the photoresist in an acetone bath. MVI_2460.MOV
2.2.2.2. Added shot: CU: Talent lift-off the photoresist in an acetone bath. MVI_2463.MOV
2.2.2.3. Added shot: MED-over the shoulder: Talent takes off the substrate from acetone bath and wash with water. MVI_2464.MOV
2.2.3. CU:  The PEDOT:PSS layer.  Text overlay: Pa-C: parylene-C. Talent loads the substrate in the evaporating chamber and load Pa-C in the coating setup. (Comments: this shot combines 2.3, 2.3.1 and 2.3.2) MVI_2462.MOV
2.3. Now, load 3.5 grams of Pa-C in the coating setup.  Uniformly evaporate 2 µm of Pa-C on top of the substrate with gold contact. 

2.3.1. MED-over the shoulder:  Talent loads Pa-C in the coating setup.

2.3.2. CU:  Pa-C as it is evaporated on top of the substrate with gold contact.

2.4. To pattern the channel by photolithography, spin coat photoresist at 3000 rpm for 30 s and bake the substrate for 2 minutes at 110°C. Next, define the patterns with the use of a mask dedicated to the channel area.  The part of the photoresist which is UV exposed will become soluble in the developer.   
2.4.1. MED-over the shoulder:  Talent spins coating photoresist at 3000 rpm and bakes the substrate. MVI_2465.MOV
2.4.1.1. Added shot: CU: Talent spins coating photoresist at 3000 rpm and bakes the substrate MVI_2466.MOV
2.4.2. MED-over the shoulder:  Talent uses a mask dedicated to the channel area to define the patterns. MVI_2467.MOV
2.4.3. CU:  The photoresist as it becomes soluble in the developer. MVI_2468.MOV
2.5. Afterward, etch the Pa-C in the channel area by exposing it to oxygen plasma for 15 min in the chamber in order to open the channel and the gold contact.  Then, deposit the PEDOT:PSS mixture solution by spin coating at 500 rpm for 45 s and bake for 30 s at 110°C.
2.5.1. MED-over the shoulder:  Talent exposes the Pa-C to oxygen plasma for 15 min in the chamber. MVI_2469.MOV
2.5.2. CU:  The spin coating process of the PEDOT:PSS mixture solution and bakes the substrate. MVI_2470.MOV
2.6. Subsequently, peel off the Pa-C to reveal the PEDOT:PSS channel of the substrate underneath.  This channel should slightly overlap with the gold contact.  Bake the samples for 1 hour at 140°C under atmospheric conditions.
2.6.1. MED-over the shoulder:  Talent peels off the Pa-C to reveal the PEDOT:PSS channel of the substrate underneath. MVI_2471.MOV
2.6.2. CU:  The channel to show that it’s overlapping with the gold contact. MVI_2472.MOV or MVI_2473.MOV or MVI_2474.MOV and IMG_2475.JPG
2.6.3. MED:  Talent places the samples for baking. MVI_2476.MOV
3. Device Assembly 

3.1. In this procedure, make PDMS (Text overlay: PDMS: polydimethylsiloxane) by mixing the curing solution and the base solution at a ratio of 1:10 and bake for 1h at 120°C.  Next, design a well using a hole punch, and cut a square around the desired area.
3.1.1. MED:  Talent takes the PDMS out from baking.  Text overlay: PDMS: polydimethylsiloxane. MVI_2510.MOV
3.1.2. MED-over the shoulder:  Talent uses a hole punch to design a well. MVI_2511.MOV
3.1.2.1. Added shot: CU: Talent uses a hole punch to design a well. MVI_2513.MOV
3.1.3. CU:  The PDMS as a square is cut around the desired area. MVI_2512.MOV
3.2. Then, glue a PDMS well on top of the channel to give a channel area of 6 mm2.  Make a plastic support with a hole in it.  Then, glue it on top of the PDMS and let it dry overnight.
3.2.1. MED-over the shoulder:  Talent glues a PDMS well on top of the channel. MVI_2514.MOV
3.2.2. MED-over the shoulder:  Talent makes a plastic support with a hole in it. MVI_2515.MOV
3.2.3. CU:  PDMS as the plastic support is glued on top of it. MVI_2517.MOV
3.3. Next, test the well for leakage by pre-filling with water.  
3.3.1. MED-over the shoulder:  Talent fills the well with water. MVI_2523.MOV
4. Cell Culture
4.1. Begin this procedure by first preparing the cell culture media (Text overlay: Refer to the accompanying manuscript for composition).  Next, sterilize the cell culture media using a sterile filter device.
4.1.1. MED:  Talent places the cell culture media on the bench.  Text overlay: Refer to the accompanying manuscript for composition. MVI_2478.MOV
4.1.2. MED-over the shoulder:  Talent sterilizes the cell culture media using a sterile filter device. MVI_2479.MOV
4.2. Then, maintain Caco-2 cells in the cell culture media between passage 49 and 68 at 37 °C in a humidified atmosphere of 5% CO2.   
4.2.1. MED-over the shoulder:  Talent places the cells in the incubator. MVI_2480.MOV
4.3. Divide the cells once a week using trypsin and seed at 1.5 x 104 cells per insert.  At the same time, change the cell culture media twice a week over 3 weeks.
4.3.1. MED-over the shoulder:  Talent seeds the cells on inserts. MVI_2482.MOV
4.3.2. MED:  Talent changes the cell culture media. MVI_2483.MOV
5. Measurements with OECT and cell integration
5.1. Now, connect a Ag/AgCl wire to a sourcemeter for use as a gate electrode. Next, connect the source and drain to the sourcemeter.  Then, immerse the tip in cell culture media, which is used as the electrolyte.  
5.1.1. MED:  Talent connects a Ag/AgCl wire to a sourcemeter. MVI_2524.MOV
5.1.2. CU:  The electrode as its tip is immersed in cell culture media. MVI_2531.MOV
5.1.3. MED:  Talent connects the source and drain to the sourcemeter. (Comment: Move step 5.1.3. (Source/Drain) below step 5.1.1. (Ag/AgCl wire). MVI_2525.MOV
5.2. Apply a square pulse positive voltage (Text overlay: VGS) between the gate and the source. Then, apply a negative constant voltage between the drain and the source (Text overlay: VDS) and measure the corresponding current (Text overlay: IDS). 
5.2.1. MED-over the shoulder:  Talent applies a square pulse positive voltage by pressing the button on the computer monitor.  Text overlay: VGS. MVI_2533.MOV
5.2.2. SCREEN:  A movie to show that a negative constant voltage is applied and the corresponding current is measured.  Text overlay: VDS.  Text overlay: IDS. 
5.3. Enter the OECT parameters (Text overlay: VDS = - 0.2 V, VGS = 0.3 V, VGS on time = 2 sec, off time = 28 sec) in a customized acquisition program.  
5.3.1. SCREEN:  A movie to show the entering of OECT parameters.  Text overlay: VDS = - 0.2 V, VGS = 0.3 V, VGS on time = 2 sec, off time = 28 sec.
5.4. Read out the source-drain current (Text overlay: IDS) and gate current (Text overlay: IGS), and carry out the measurement for several minutes to ensure a stable baseline signal.
5.4.1. SCREEN:  A movie to show the graphs of source-drain current and gate current are bring plotted on the monitor.  Text overlay: IDS.  Text overlay: IGS.
5.5. For cell integration, during off time of OECT measurement, remove the gate electrode from the electrolyte.  Then, incorporate the cell culture insert and replace the gate electrode inside the cell culture insert.
5.5.1. MED:  Talent removes the gate electrode from the electrolyte. MVI_2538.MOV
5.5.2. MED-over the shoulder:  Talent replaces the gate electrode inside the cell culture insert. (Comment: this shot is integrated in the shot 5.5.1)
5.6. Next, carry out a baseline measurement with the cells for several minutes to ensure a stable signal; this baseline will be used as for calculation of the normalized value corresponding to an intact monolayer.
5.6.1. SCREEN:  A movie to show that a baseline measurement with the cells is carried out.
6. Preparation and introduction of toxic compound

6.1. In this procedure, add EGTA solution in the appropriate volume to obtain the desired concentration in the apical chamber during the off time.
6.1.1. MED-over the shoulder:  Talent adjusts the pH of the solution to 7.4 with Tris base. (Comment: This shot was not filmed)
6.1.2. CU:  The apical chamber as EGTA solution is added. MVI_2540.MOV
6.2. Carry out the measurement continuously as previously described for 90 min; if the measurement is being carried out at room temperature, the stability of the cells will not remain constant after 90 min.
6.2.1. SCREEN:  A movie to show the measurement on the monitor.

6.3. At the end of the run, scratch the cell layer to cause a complete destruction of the barrier layer, and measure for 15 min.  This baseline will be used for the calculation of the normalized value corresponding to a destroyed monolayer.
6.3.1. MED-over the shoulder: CU:  Talent scratches the cell layer to destroy the barrier layer. MVI_2543.MOV
6.3.2. SCREEN:  A movie to show the change of the measurement after barrier layer destruction.
7. Results:  Sensing of Barrier Tissue Disruption with an OECT
7.1. Here is the overview of the in situ measurement of drain current response to the square gate pulses over time. This section (Video editor, highlight “a.” and the bar above it) corresponds to the OECT operated before the integration with cells, ensuring the stability of the device.  This section (Video editor, highlight “b.” and the bar above it) corresponds to the integration of the barrier tissue forming cells, again ensuring a stable signal before commencing testing of toxic compound.  This section (Video editor, highlight “c.” and the bar above it) corresponds to the addition of EGTA to the barrier tissue cells, which is the evolution of the signal over time.
7.1.1. LAB MEDIA:  51102_Owens_Figure2

7.2. Shown here is the OECT drain current response to a single square gate pulse.  (Video editor, zoom in a) This figure shows the OECT transient response before (Video editor, highlight the dashed line) and after (Video editor, highlight the blue line) the addition of barrier tissue forming cells grown on a filter.  (Video editor, zoom in b)  And this figure shows the OECT transient response after the addition of toxic compound on a barrier tissue (Video editor, highlight the orange line) and without barrier tissue (Video editor, highlight the dashed line). 

7.2.1. LAB MEDIA:  51102_Owens_Figure4
7.3. This graph shows the typical normalized results from the OECT.  The normalized responses of the OECT were measured over a period of 50 minutes on the introduction of device - indicated by an empty circle, cell layer - indicated by a black cross, 5mM EGTA - indicated by a dark blue circle, and 10 mM EGTA - indicated by a cyan circle.
7.3.1. LAB MEDIA:  51102_Owens_Figure5
8. Conclusion (said by authors on camera)

8.1. Marc Ramuz:  While attempting this procedure, it’s important to remember not to damage the cell layer with the gate electrode or by pipetting solution too forcefully inside the cell culture insert. MVI_2502.MOV
8.2. Roisin Owens:  After watching this video, you should have a good understanding of how to integrate a barrier tissue layer with the OECT for monitoring toxicology. (Comment: Move 8.2 after 8.3. (Scherrine Tria). MVI_2489.MOV
8.3. Scherrine Tria:  Don't forget that working with live cells requires appropriate protective equipment and that articles that come into contact with live cell material should be disposed of as biohazardous waste. MVI_2538.MOV
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, 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, as well as an introduction to your videographer, closer to your filming date.
( 2011, Journal of Visualized Experiments


