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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: ______________________________
[bookmark: _GoBack]B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Two screen shots needed_ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps. 3.2, 4, 5.3, 5.5, 5.8
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The most difficult aspect is trying to minimize cell death/ detachment. This is done by optimizing the flow conditions for a given situation.


1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:

Video editor: Graphics are in ‘50612_RichardLLeask_Schematic_Overview.ai’

The overall goal of this procedure is to permeabilize adherent cells. (Intro) 

This is accomplished by first culturing experimental cells on cover slips in 6-well plates. (Video editor: maybe you could animate the squares going into the wells/circles and then the wells turning pink) (P1)

The second step is to rinse the cells with 1X PBS and cover them with a solution containing the biomolecule to be transferred into the cell. (Video editor: show pink color being removed from the first well and then the pipette dispensing the green solution into the well) (P2)

Next, the inert gas jet is run over the sample, permeabilizing the cells. (Video editor: show the red gas cylinder and attached line next to the plate and the nozzle being placed into the green solution) (P3)

The final step is to fix and stain the cells if desired. (Video editor: show green color disappearing from well and the pipette dispensing the clear solution into the well) (P4)

Ultimately, immunofluorescence microscopy is used to show permeabilization efficiency and cell viability. (P5) 


B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Scott Cooper: The main advantage of this technique over existing methods, like sonoporation or gene guns, is that this method is easily set up and allows for spatially restrictive permeabilization of cells in a culture.   
1.2. Scott Cooper: Generally, individuals new to this method will struggle because it may take time to perfect the working conditions such as gas flow rate, capillary diameter, etc. to get high efficiencies for particular applications.


Protocol (read by voice talent at JoVE):

2. Development of LabView Program

2.1. The mass flow controller used in this procedure requires an external 12V power supply, and is attached to a helium gas line to ensure a precise gas flow rate. Interfacing between the mass flow controller and the computer is performed by a data acquisition device.

Shots:
2.1.1. MED: Talent approaching the mass flow controller.
2.1.2. MED: Talent indicating the attached power supply and helium gas line.
2.1.3. CU: Footage of the data acquisition device.

2.2. This unit is controlled by an input voltage, ranging between 0 and 5 V. A control loop in the LabView program determines the required voltage at any given time.

Shots:
2.2.1. MED: talent at the computer using the LabView software.
2.2.2. SCREEN: A display of the inputs in the program. 

2.3. Two positioning linear slides are used to control the movement of the 6-well plate, one for each direction. Each assembly consists of a MA15-series Velmex Unislide Assembly coupled with a stepping motor, and both assemblies are controlled by a single Velmex VXM Stepping Motor Controller.

Shots:
2.3.1. CU: A 6-well plate being placed on the platform to demonstrate the set-up.
2.3.2. CU: Footage of one of the Velmex Unislide Assembly coupled with a stepping motor while it is being moved to demonstrate what it does. (Videographer: author says you can get a shot from underneath the stage to see the unit in action)
2.3.3. CU: Footage of the Velmex VXM Stepping Motor Controller.

2.4. The controller allows for manual jogging of each motor or accepts a string of external serial commands, the combination of which allow for specific movement patterns. Several patterns can be programmed into the LabView program, requiring the user to provide only the desired torch speed as well as the path dimensions.

Shots:
2.4.1. CU: Footage of the 6-well plate being moved in a specific pattern.
2.4.2. MED/over the shoulder: talent setting parameters in the LabView program.
2.4.3. SCREEN: Torch speed and path dimensions being entered.

3. Preparation of Equipment

3.1. Begin preparation of the equipment by opening both the helium cylinder and regulator. Turn on the motor controller.

Shots:
3.1.1. MED: Talent opening the helium cylinder and regulator.
3.1.2. CU: Motor controller being turned on.

3.2. Open the LabView program and verify all conditions. 

Shots:
3.2.1. MED/over the shoulder: talent opening the LabView program and verifying conditions. 
3.2.2. SCREEN: use the same screen shot from 2.2.2.

3.3. Next make sure the platform is centered.  To check, look at each motor stage and verify that each carriage is not near either stage end, and then have the program center the carriages.

Shots:
3.3.1. CU: One of the motor stages being checked to ensure the carriage is not near the stage end.
3.3.2. CU: Carriages being centered by the program.

3.4. If this is the first run of the day, it is recommended to run the program once without cells, to ensure the setup is working correctly.

Shots:
3.4.1. MED: talent starting the run without cells.

4. Preparation of the Gas Jet Capillary Nozzle Height

4.1. To prepare the gas jet capillary nozzle height, remove the capillary from the holder and zero the height dial.

Shots:
4.1.1. MED: Talent removing the capillary from the holder.
4.1.2. CU: Height dial being zeroed.

4.2. Place the 6-well plate on the platform.

Shots:
4.2.1. CU: A 6-well plate being placed on the platform.

4.3. Replace the gas jet capillary and lower it to the bottom of the well until it hits the cover slip. Secure the capillary in the holder.

Shots:
4.3.1. MED: Talent replacing the gas jet capillary.
4.3.2. CU: Gas jet capillary being lowered to the bottom of the well until it hits the cover slip.
4.3.3. CU: Capillary being secured in the holder.

4.4. Using the height dial, raise the capillary 3 mm. Mark this height on the capillary base.

Shots:
4.4.1. MED: Talent using the height dial to raise the capillary to 3 mm.
4.4.2. CU: Match action above: capillary being raised to 3 mm and then the height marked on the capillary base.

4.5. Lastly, raise the capillary to a safe height, and then remove the 6-well plate.

Shots:
4.5.1. CU: Capillary being raised to a safe height.
4.5.2. MED: talent removing the 6-well plate.

5. Cell Permeabilization Protocol

5.1. The adherent cell line for this protocol should be cultured to confluence on glass coverslips in a 6-well plate using standard culturing techniques. For HeLa cells, seed 6-well plates with 2x105 cells per well (TEXT: 2x105 cells/well), and incubate for 48 hours before treatment (TEXT: 100% humidity; 5% CO2; 37oC; 48 h). 

Shots:
5.1.1. MED: Talent at the tissue culture hood getting ready to dispense cell suspension (after trypsinization and cell count, etc.) into 6-well plates.
5.1.2. CU: Cells being dispensed into the wells of a 6-well plate.
5.1.3. MED: Multiple takes from different angles of talent putting one 6-well plate into the incubator. Shot will be repeated later.

5.2. On the day of treatment, prepare an appropriate volume of solution containing the desired vector. For dextran studies, 80 µg/ml of 10 kDa green fluorescent dextran is recommended. Hence forth, this solution will be referred to as "vector solution".

Shots:
5.2.1. MED: Talent making the dextran solution.

5.3. Remove cell culture media from a well and rinse three times with 1X PBS (TEXT: Rinse 3X with PBS)

Shots:
5.3.1. MED: Talent removing media from a well of a 6-well plate. (Author’s note: This was done x3 as that is how it is done in the protocol.)
5.3.2. CU: Multiple takes from different angles of PBS being added to the well and then removed.  Shot will be repeated later.

5.4. Pipette 1370 µl of vector solution into the well. This should result in a liquid depth of approximately 1.3 mm.

Shots:
5.4.1. CU: Multiple takes from different angles of 1370 µl of vector solution being pipetted into a well. Shot will be repeated later. (Videographer: please make sure the shot does not show which well in the plate this is and include footage of the well filled to 1.3 mm) (Author’s note: We did the best we could to only show one well but this was very difficult. We took several shots using several different wells though.)

5.5. Place the well containing the vector solution in the center of the platform. Lower the gas jet nozzle to the previously marked level indicating a nozzle height of 3 mm above the slide.

Shots:
5.5.1. MED: Multiple takes from different angles of talent placing the 6-well plate on the platform with the well in the center.  Shot will be repeated later.
5.5.2. CU: Multiple takes from different angles of gas jet nozzle being lowered to the previously marked level. Shot will be repeated later. (Videographer: please get footage that does not show which well in the plate this is so the shot can be reused later) (Author’s note:  We did the best we could to only show one well but this was very difficult. We took several shots using several different wells though.)

5.6. Set the helium flowrate in the LabView program and select the desired movement pattern to be used. Select “Run” when ready to begin the permeabilization protocol.  There will be an initial lag period during which the mass flow controller is preparing to provide the necessary flowrate.

Shots:
5.6.1. MED: Talent at the computer setting the helium flowrate and desired movement pattern in LabView.
5.6.2. CU: “Run’ being selected.
5.6.3. Talent – interview style to camera: “For the success of this procedure, it is critical to optimize the flow conditions for a given situation, in order to minimize cell death or detachment.”

5.7. Once the appropriate flow rate has been reached, the LabView program will activate the stepper motors to move the well in the desired permeabilization pattern.  Once the platform has stopped, remove the 6-well plate from the platform. Wait approximately 30 seconds and then remove the vector solution. 

Shots:
5.7.1. CU: Multiple takes from different angles of the well being automatically moved in the desired permeabilization pattern and then the platform stops. Shot will be repeated later. (Videographer: please get a CU that does not show which well in the plate this is so the shot can be reused later) (Author’s note: We did the best we could to only show one well but this was very difficult. We took several shots using several different wells though.)
5.7.2. MED: Talent removing 6-well plate from platform.
5.7.3. CU: Multiple takes from different angles of vector solution being removed from the well. Shot will be repeated later.  (Videographer: please get a CU that does not show which well in the plate this is so the shot can be reused later) (Author’s note: We did the best we could to only show one well but this was very difficult. We took several shots using several different wells though.)

5.8. Wash the well three times with PBS (TEXT: Wash 3X with 1X PBS).  After the third wash, fill well with fresh culture media. 

Shots:
5.8.1. Use shot from 5.3.2.
5.8.2. CU: Fresh culture media being added to the well.

5.9. Repeat the permeabilization protocol for the desired number of experiments. 

Shots:
5.9.1. MED: Talent removing media from another well (different well from that in 5.3.1)
5.9.2. CU: PBS being added and then removed from that well.
5.9.3. Use shot from 5.4.1. (Video editor: if necessary, edit the shot so it does not show which well within the 6-well plate this is.  We are reusing a shot but it’s supposed to be a different well.)
5.9.4. Use shot from 5.5.2. (Video editor: see comment above)
5.9.5. Use shot from 5.7.1. (Video editor: see comment above)

5.10. Be sure to include control samples that consist of wells being filled with the vector solution without the gas jet being run over them. Leave the solution in the control wells for approximately 1 minute before removing the solution, washing the cells with PBS, and filling the well with fresh culture media.

Shots:
5.10.1. Use shot from 5.4.1. (Video editor: if necessary, edit the shot so it does not show which well within the 6-well plate this is.  We are reusing a shot but it’s supposed to be a different well.)
5.10.2. Use shot from 5.7.3. (Video editor: same comment as above)
5.10.3. CU: PBS being added to the control well and then removed (make sure it’s a different well from 5.3.1. and 5.9.1.).
5.10.4. CU: Control well being filled with media.

5.11. Return the 6-well plate to the incubator.  In the case of dextran permeabilization, incubate for 15 minutes. 

Shots:
5.11.1. Use shot from 5.1.3. 

5.12. Subsequently, image cells with the appropriate microscope to investigate permeabilization efficacy.

Shots:
5.12.1. MED: General shot of talent at the fluorescent microscope imaging cells.


6. Results: helium gas jet creates micropores in the cell membrane 

6.1. (Figure 1) Shown here are results of permeabilization of HeLa cells with 10 kDa green fluorescent dextran using a helium gas jet with a 0.86-mm inner diameter capillary (Figure 1).  Panels A, B, and C show results from running the helium gas jet at three different outlet pressures, and Panel D is a control with dextran added but without exposure to the helium gas jet. Cells were counterstained immediately after permeabilization to visualize cell death; in these images, dextran fluoresces green and dead cells fluoresce red.

Shots:
6.1.1. LAB MEDIA: 50612_RichardLLeask_Figure1A.tif  (Video editor: please add ‘100 Pa’ to the image)
6.1.2. LAB MEDIA: 50612_RichardLLeask_Figure1B.tif (Video editor: please add ‘135 Pa’ to the image)
6.1.3. LAB MEDIA: 50612_RichardLLeask_Figure1C.tif (Video editor: please add ‘175 Pa’ to the image)
6.1.4. LAB MEDIA: 50612_RichardLLeask_Figure1D.tif (Video editor: please add ‘Control’ to the image)

6.2. (Figure 1) It was observed in panels A and B that the permeabilization track width and efficiency increased with a higher dynamic pressure with only a slight increase in cell death. However, once a high dynamic pressure was reached, as observed in panel C, HeLa cells were stripped from the cover slips and very little peripheral permeabilization occurred.

Shots:
6.2.1. LAB MEDIA: 50612_RichardLLeask_Figure1A.tif  (Video editor: please add ‘100 Pa’ to the image)
6.2.2. LAB MEDIA: 50612_RichardLLeask_Figure1B.tif (Video editor: please add ‘135 Pa’ to the image)
6.2.3. LAB MEDIA: 50612_RichardLLeask_Figure1C.tif (Video editor: please add ‘175 Pa’ to the image)
6.2.4. LAB MEDIA: 50612_RichardLLeask_Figure1D.tif (Video editor: please add ‘Control’ to the image)

6.3. (Figure 2) Through scanning electron microscopy studies, micropores were observed in the cell membrane. In this example, permeabilization of HeLa cells was performed using a helium gas jet with a 0.86-mm inner diameter capillary at an outlet pressure of 300 Pa.  Scanning electron microscopy images at a magnification of 50,000X were acquired. Panel A shows a control sample exhibiting a smooth cell surface, while panel B shows the surface of a permeabilized cell exhibiting a pore with an 84-nm diameter. 

Shots:
6.3.1. LAB MEDIA: 50612_RichardLLeask_Figure2A.tif
6.3.2. LAB MEDIA: 50612_RichardLLeask_Figure2B.tif


7. Conclusion (said by authors on camera)

7.1. Scott Cooper: Once mastered, this technique can be done in 15-30 minutes if it is performed properly.

7.2. Scott Cooper: Following this procedure, stains can be performed in order to assess additional factors such as cell viability.


Provided Media

1A. 50612_RichardLLeask_Schematic_Overview.ai
2.2. A screen shot of the display of the inputs in the program (to be provided by author)
2.4. Screen shot of torch speed and path dimensions being entered (to be provided by author)
6.1. – 6.2.  - 50612_RichardLLeask_Figure1A.tif- dual color imaging of permeabilization at 100Pa; 50612_RichardLLeask_Figure1B.tif- dual color imaging of permeabilization at 135Pa; 50612_RichardLLeask_Figure1C.tif- dual color imaging of permeabilization at 175Pa; 50612_RichardLLeask_Figure1D.tif- dual color imaging of permeabilization at 0Pa (Control)
6.3. - 50612_RichardLLeask_Figure2A.tif- SEM image of cell surface at 50,000x (Control); 50612_RichardLLeask_Figure2B.tif- SEM image of cell surface at 50,000x after permeabilization at 300Pa


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

