Submission ID #: 53494
Editor Name: Michael Linnes
Videographer name: Danae Mauro
Film Date: Oct. 8, 2015
Authors and Affiliations: Nicola Martino1, Caterina Bossio2, Susana Vaquero Morata1, Guglielmo Lanzani1,2, and Maria Rosa Antognazza1

1Center for Nano Science and Technology, IIT at PoliMi 2Dipartimento di Fisica, Politecnico di Milano, Milano, Italy

Title: Optical Control of Living Cells Electrical Activity by Conjugated Polymers 
Corresponding Author: 

Antognazza, Maria Rosa

Center for Nano Science and Technology

IIT@PoliMi

Milano, Italy

mariarosa.antognazza@iit.it
Co-authors:

guglielmo.lanzani@iit.it
Susana.vaquero@iit.it
Caterina.bossio@iit.it
Nicola.martino@iit.it
Questionnaire:

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Y  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: Nikon Eclipse Ti-S
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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) All Steps  
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.) None specific 
E.  Will the filming need to take place in multiple locations? (Y/N) _Y_ If yes, how far apart are the locations? In two different labs, distant less than 1Km
1. Introduction (Experimental Goal and Author Interviews)  

A. Experimental Goal (read by voice talent at JoVE): 
The overall goal of this method is to control the cell membrane potential upon stimulation by visible light pulses. The phototransduction process is mediated by a light sensitive conjugated polymer. 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Maria Rosa Antognazza: This method provides a new tool in the neurotechnologies field, since it represents a valuable alternative to the use of existing methods for optical activity control, such as optogenetics and thermal stimulation.
1.2. Maria Rosa Antognazza: The main advantages of this technique are the prompt integrability with any electrophysiology set-up, the reduced invasivity, the potentially high spatio-temporal resolution. Moreover, it allows to avoid gene transfer, required by optogenetics.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)    
1.3. Guglielmo Lanzani: The use of our method is described here for photostimulation of in-vitro cell cultures, but it might open new perspectives also in in vivo applications. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) 
1.4. Maria Rosa Antognazza: Demonstrating the procedure will be Caterina Bossio and Susana Vaquero Morata, two post doc from my laboratory, with a biological and a physical chemistry background, respectively.
1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera. 
Protocol (read by voice talent at JoVE):  
2. Preparation of Photoactive Substrates

2.1. To begin, prepare a solution of the light sensitive conjugated polymer by mixing P3HT and PCBM in chlorobenzene at a 1:1 relative concentration.  [2.1.1 - MED - TXT] Mix the solution with a magnetic stirrer for at least 4 hours at 60 °C.  [2.1.2 - CU - TXT]
2.1.1. Talent combines the two solutions. (TEXT: P3HT: poly(3-hexylthiophene) 20 g/L *Electron Donor, PCBM: phenyl-C61-butyric-acid-methyl ester 20 g/L *Electron Acceptor)

2.1.2. Talent adds a magnetic stir bar and places it on a stir plate at 60 °C (TEXT: 4 hours @ 60 °C)
2.2. Next, clean indium-tin-oxide coated glass slides with consecutive 10 minute baths of deionized water, acetone and isopropanol in a sonicator. [2.2.1 - CU - TXT] Dry the coverslips with a nitrogen gun [2.2.2 - CU] and then treat the substrates by a plasma cleaner. [2.2.3 - MED - TXT]
2.2.1. Talent sets rack of slides into bath of sonicator. (TEXT: ITO-coating: Rs = 10 Ω/sq, 18x18 mm2, thickness 170 μm) 
2.2.2. *Film as written

2.2.2.B Added shot: sample taken away
2.2.3. Talent places samples into plasma cleaner. (TEXT: 100 W, 10 min)
2.3. Once clean, set the slide on the chuck of a spin-coater, ITO-coated side facing upwards. [2.3.1 - MED] Next, add 150 μL of the P3HT:PCBM solution to the slide and spincoat the sample.[2.3.2 - CU - TXT]
2.3.1.  *Film as written

2.3.2. *Film as written (TEXT: Spincoat: 800 rpm - 30 sec, 1600 rpm - 30 sec).  

2.4. After the spin-coater has finished, remove the sample and use a cleanroom swab dipped in acetone to clean the back of the substrate.  [2.4.1 - CU]
2.4.1. *Film as written

3.  Plating HEK-293 Cells on the Active Substrates

3.1. Sterilize the photoactive substrates by placing them into a covered heat resistant container and heating them at 120 °C for 2 hours. [3.1.1 - MED] Then, transfer the samples to a sterile hood and let them cool. From this point on, maintain the sterility of the samples.[3.1.2 - MED]
3.1.1. B Talent places the samples into a heat resistant container 

3.1.1 C and then into a preheated oven.

3.1.2 Talent places the samples into a sterile hood Included (beginning) in 3.2.1
3.2. Place the photoactive substrates into a 6-well plate. [3.2.1 - CU] Given the hydrophobicity of the conjugated polymer layer, make a polydimethylsiloxane well to fix the sample and confine the solutions as described in the accompanying text protocol. [3.2.2 - MED/CU]
3.2.1. *Film as written

3.2.2. Talent performs a representative step from the formation of a PDMS well such as pouring the PDMS into a well.
3.3. Then, place the photoactive substrates into the wells of the plate and cover the entire surface of each sample with 500 to 750 microliters of a 2 mg/L solution of fibronectin in PBS.  [3.3.1 - CU] Incubate the samples at 37 °C for at least 1 hour.[3.3.2 - MED]
3.3.1.  *Film as written

3.3.2. Talent places the samples into an incubator.
3.4. After incubation, use a glass pipette to remove the fibronectin solution and then wash the substrates once with 2 mL of PBS.[3.4.1 - CU]
3.4.1. *Film as written 
3.5. First, add a total volume of 750-1000 μL of complete growth medium per well. Next, plate 15,000 HEK-293 (Pronounce as “H-E-K 2-9-3”) cells per square centimeter of photoactive substrate into each well. [3.5.1 - CU] Then, incubate the cells for 24 to 48 hours. [3.5.2 - MED - TXT]
3.5.1. *Film as written

3.5.2. Talent places plate into incubator. (TEXT: Incubate at 37 °C and 5% CO2)
4. Optical Stimulation Protocol and Electrophysiological Measurements

4.1. To begin, prepare both the extracellular and intracellular solutions as described in the accompanying text protocol. [4.1.1 - MED] Sterilize the solutions by passing them through a 0.2 micron filter. [4.1.2 - MED]
4.1.1. Talent prepares the solutions at the bench.

4.1.2. *Film as written (4.1.1 and 4.1.2 were filmed together)
4.2. Then, pre-warm the extracellular solution by placing it into a water bath at 37 °C. [4.2.1 - MED] Also, fill a 1 mL syringe with the intracellular solution and equip it with a 34 gauge needle.  Keep the intracellular solution in contact with ice to avoid degradation of the ATP. [4.2.2 - MED/CU]
4.2.1. *Film as written

4.2.2. Talent fills syringe with solution, adds needle, and sets it on ice.
4.3. Next, take a cell-coated substrate from the incubator and carefully remove the PDMS well. [4.3.1 - CU] Then, remove the growth medium with a glass pipette and rinse the sample slowly with extracellular solution to avoid cell detachment. [4.3.2 - CU]  
4.3.0 take cell-coated from incubator
4.3.1. *Film as written

4.3.2. *Film as written

4.4. Add 3 mL of extracellular solution to each well and then transfer the plate to the sample holder of the electrophysiology station. [4.4.1 - CU]
4.4.1. *Film as written (This shot is included in end of 4.3.2)
4.5. Once in place, set the reference electrode into the well that is to be tested. [4.5.1 - CU] 
4.5.0 petri arrives under the microscope
4.5.1. *Film as written

4.6. Next, prepare a fresh glass micropipette for patch-clamp using a micropipette puller. [4.6.1 - MED] Fill half of the pipette with intracellular solution [4.6.2 - CU].
4.6.1. Talent prepares micropipette. (TEXT: Ideal resistance: 2-4 MΩ)

4.6.2. *Film as written
4.7. Use the micromanipulator to position the patch pipette in close proximity to the selected cell membrane.  [4.7.1 – SCOPE SCREEN] During the positioning, apply overpressure to the pipette in order to avoid dirt sticking on the tip. [4.7.2 - CU]
4.7.0 micropipette is in focus with the cell membrane
4.7.1. *Film as written

4.7.2. *Film as written

4.8. With the pipette a few microns above the cell, start lowering the pipette towards the cell membrane while controlling the pipette resistance on the patch control software.[4.8.1 – SCOPE SCREEN]
4.8.1. *Film as written 

4.8.2. Added shot: Detail for showing resistance value on the pc screen

4.9. When the pipette resistance increases about 1 MΩ, remove the overpressure from the pipette and apply a gentle suction [4.9.1 - CU] in order to form the gigaseal between the pipette and the cell membrane.[4.9.2 - SCOPE - TXT]
4.9.1. Talent removes the overpressure and applies suction.

4.9.2. The pipette forms a seal on the cell membrane. (TEXT: The resistance should increase to > 1 GΩ)
4.10. Next, apply a negative potential of -40 mV to the pipette to help stabilize the seal. [4.10.1 - MED/CU] Compensate for the capacitive transients due to the pipette capacitance with the relative commands on the patch amplifier and/or the patch control software.[4.10.2 – MED SCREEN]
4.10.1. Talent applies negative potential to the pipette.

4.10.2. Talent uses the knob on the instrument and adjusts the capacitance while looking at the disappearance of specific spikes in the recorded signal, visible on our monitor.

4.11. Apply a brief and intense suction pulse [4.11.1 - MED/CU] to the pipette in order to break the membrane and to allow electrical access to the cell cytoplasm. [4.11.2 - SCOPE] Then, set the patch amplifier to current clamp mode so that no current is injected into the cell.  [4.11.3 - CU]
4.11.1. *Film as written (reuse 4.9.1)
4.11.2. The suction pulse is applied and the membrane is broken.(SCREEN)
4.11.3. *Film as written

4.12. In current clamp mode, track the cell membrane potential and wait a few minutes for it to stabilize. [4.12.1 - MED/CU]
4.12.1. *Film as written

4.13. Once stable, apply the desired illumination protocol to the cell by illuminating the photoactive membrane under the cell with light in the range of 450 to 600 nm. [4.13.1 - CU/ECU] Record the effect of the light on the membrane potential.  [4.13.2 - MED Over the Shoulder]
4.13.1. Show a pulse of light hitting the slide. (TEXT: Photoexcitation density: 10 – 100 mW/mm2)

4.13.2. *Film as written (SCREEN)
4.14. Susana Vaquero Morata:  “Short pulses of light, below 10-20 ms, results in a transient depolarization of the cell, while with prolonged illumination on the order of hundreds of ms, a sustained hyperpolarization is observed until the light is switched off.” [4.14.1 - INT]
4.14.1. Interview style: Author saying the above 
5. Results: Optical Stimulation of HEK-293 Cells   
5.1. Cells can be easily cultured on the photoactive substrates, provided that a suitable adhesion layer, like fibronectin, is deposited.[5.1.1 - LM]
5.1.1. Figure 3 (Video Editor: Label the image “HEK-293 Cells, 24 Hours After Seeding”) (Editor: The authors would like to move this step to 3.6 if at all possible.)
5.2. Optical stimulation of cells mediated by the photoactive substrates can result in different effects on the cell membrane, depending on the duration of the light stimulus. A fast spike, like the one shown here, is followed by a transient depolarization on the order of tens of milliseconds. [5.2.1 - LM]
5.2.1. Figure 4 (Video Editor: Label the blue area as “Light Pulse” and the first peak (at 0 ms)  “3 mV, 1 ms” and highlight the blue area with the 2nd sentence.)

5.3. For short pulses of light, as the light is switched off, an opposite behavior is observed. These signals have been attributed to a variation in membrane capacitance due to local heating following light absorption. [5.3.1 - LM]
5.3.1. Figure 4 (Video Editor: Highlight the remainder of the graph to the right of the blue section.)

5.4. For prolonged illumination, the initial depolarization turns into a cell hyperpolarization. This phenomenon has again a thermal origin, but in this case it is related to a variation of the membrane equilibrium potential due to a change in the ion channels conductivities induced by the increased temperature. [5.4.1 - LM]
5.4.1. Figure 5 (Video Editor: Label the blue area as “Light Pulse”.  Highlight the blue area from the start through the word “turns”, then highlight the area to the right of the blue area until the end of the sentence.  Do not highlight anything during the last sentence.)

6. Conclusion (said by authors on camera) 
6.1. Caterina Bossio: It is important to notice that this technique is quite flexible and can be adapted to the peculiar needs of a specific experiment, for instance by changing the photoactive polymer, the fabrication process, or the illumination protocol.

6.2. Caterina Bossio: However, before changing the protocol, one should first verify some important properties of the active polymer, like its biocompatibility, suitability to sterilization procedure, electrochemical and temporal stability. 
6.3. Maria Rosa Antognazza: After watching this video, you should have a good understanding of how to realize a hybrid interface between conjugated polymers and living cells, and how to use it for optical control of the cellular activity.

6.4. Maria Rosa Antognazza: We believe that this technique holds promise to become a complementary tool in neuroscience for in vitro investigations, and to open new perspectives in in-vivo applications. 

6.5. Maria Rosa Antognazza: To refine the protocol, however, a strong and joint effort from material scientists, physicists, neuroscientists and medical doctors is mandatory.  Only a highly multidisciplinary approach will allow to fully exploit conjugated polymers for optical control of cellular activity. 
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.  

3.6 “HEK-293 Cells, 24 Hours After Seeding”

5.1.1 and 5.2.1 Figure 4 “Short pulses”

5.3.1 Figure 5 “Long pulses”

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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