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

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

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: ___________N/A__________________________________

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

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.) 
5.2, 5.4, 5.6, 5.8, 5.10, 6.1
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.)
5.4/5.6
- Connecting the inlet/outlet tubing to the microfluidic device. Inexperienced user may scratch the channel while inserting the tubing, which may lead to leakage during the experiment. Practice ensures success.
5.8
- Assuring the quality of the supported lipid bilayers. Dust particles may get trapped during the assembly process and/or during sample injection (Figure 8). To assure success, make sure to clean the work area before each experiment.
E.  Location: Will the filming need to take place in multiple locations? (Y/N) __Y__ If yes, how far apart are the locations? 

__The two buildings are right next to each other___________________ 
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. Experimental Goal: (read by voice talent at JoVE)
The overall goal of the PIP-on-a-chip (pronounced “pip-on-a-chip”) assay is to assess protein-membrane interactions in a quantitative, label-free manner. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Djoshkun Shengjuler: Protein-membrane interactions are at the heart of so many processes of the cell and its pathogens, but techniques to study these interactions are few [1-MED].
1.1.1. Djoshkun speaks toward the camera, interview style.

1.2. Simou Sun: The advantages of this technique are low sample volume and no ligand/receptor labeling requirements, combined with the ability to test membrane interactions in a physiologically relevant manner [1-MED]. 
1.2.1. Simou speaks toward the camera, interview style.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Craig E. Cameron: Many therapeutic targets of viruses are membrane proteins.  Studies of these target proteins are often performed in solution using detergents.  Our technique provides a more biologically relevant alternative [1-MED].

1.3.1. Craig speaks toward the camera, interview style.

1.4. Paul S. Cremer: Though this method can provide insight into protein-membrane interactions, it can also be applied to the study of ion, small molecule, and peptide-membrane interactions [1-MED].
1.4.1. Paul speaks toward the camera, interview style.

Protocol: (read by voice talent at JoVE)
Editors, please use a zoom bubble to highlight the actions being performed in the SCREEN capture movies whenever appropriate.
2. Fabricating Micropatterned PDMS Blocks
2.1. To begin, mix polydimethylsiloxane (pronounced as “pol-ee dahy-meth-uh l si-lok-seyn”), or PDMS, prepolymer and the curing agent at a 10 to 1 ratio in a large plastic weigh boat [1-MED].  Degas the mixture in a vacuum for 1 hour with a vacuum strength at 500 Torr or less [2-MED-over the shoulder].
2.1.1. Talent mixes PDMS prepolymer and the curing agent at a 10 to 1 ratio in a large plastic weigh boat.
2.1.2. Talent degases the mixture in a vacuum.
2.2. Place the silicon master, which contains multiple replicates of the same SU-8 micropattern, in a large plastic weigh boat and pour in the degassed PDMS [1-CU-TXT].  Then, cure it in a dry oven at 60 degrees Celsius overnight [2-MED-over the shoulder]. 
2.2.1. Silicon master as talent places it into a large plastic weigh boat and pours in the degassed PDMS.  TEXT Overlay: 10-cm base diameter
2.2.2. Talent places the silicon master into the dry oven.
2.3. The next day, gently peel off the PDMS from the silicon master using one’s hands [1-CU].  Mark the boundaries of each micropattern in rectangles using a surgical scalpel and a ruler [2-MED-over the shoulder].  Then, cut the PDMS into blocks [3-MED].
2.3.1. PDMS as talent peels it off the silicon master.
2.3.2. Talent marks the boundaries of each micropattern in rectangles using a surgical scalpel and a ruler.
2.3.3. PDMS as talent cuts it into blocks.
2.4. Punch 16 holes at both ends of each microchannel with a biopsy punch to make holes wtih 1.0 millimeter diameter [1-CU-TXT].
2.4.1. Microchannel as talent uses a biopsy punch to punch holes.  TEXT Overlay: 8 inlets and 8 outlets per block
3. Preparing Small Unilamellar Vesicles (SUVs)
3.1. Pipette calculated volumes of phosphatidylcholine (pronounced as “fos-fah-tid-uh l koh-leen”), phosphatidylinositol 4,5-bisphosphate (pronounced as “fos-fah-tid-uh l ih-noh-si-tawl, 4,5 bahy fos-feyt”), and pH-sensitive fluorescent probe into a single 20 milliliter glass scintillation vial [1-MED-over the shoulder-TXT].
3.1.1. Talent pipettes the phosphatidylcholine, phosphatidylinositol 4,5-bisphosphate, and pH sensitive fluorescent probe into a single 20 milliliter glass scintillation vial.  Use labeled containers.  TEXT Overlay:  See text for calculating volume of POPC, PI(4,5)P2, oSRB-POPE   
3.2. Dry the mixture in a stream of nitrogen gas inside a chemical fume hood for 10 minutes or until the solvent evaporates and a thin lipid film forms at the bottom of the vial [1-CU].
3.2.1. Mixture as talent dries it in a stream of nitrogen gas.
3.3. Then, desiccate the mixture under vacuum for at least 3 hours at a vacuum strength of 10 milliTorr to remove any residual organic solvent [1-MED-over the shoulder].
3.3.1. Talent places the mixture into the desiccator and turns on the vacuum to 10 milliTorr.
3.4. Rehydrate the dried lipid film with 5 milliliters of running buffer [1-CU-TXT].  Place the rehydrated lipid in an ultrasonic bath at an operating frequency of 35 kiloHertz for 30 minutes at room temperature [2-MED]. 
3.4.1. Dried lipid film as talent pipettes 5 millilliters of running buffer onto it.  TEXT Overlay: Running buffer = 20 mM HEPES, 100 mM NaCl, at pH 7.0
3.4.2. Talent places the rehydrated lipids in an ultrasonic bath at 35 kHertz.
3.5. Freeze-thaw the vesicle suspension with liquid nitrogen and a 40 degree Celsius water bath to get unilamellar vesicles [1-CU].  Repeat the freeze-thaw 10 times [2-MED-over the shoulder].
3.5.1. Vesicle suspension as talent submerges it in liquid nitrogen.
3.5.2. Talent transfers the suspension to a 40 degree Celsius water bath.
3.6. Extrude the vesicle suspension through a 0.10 micron track-etched polycarbonate membrane using a lipid extruder to enrich for small unilamellar vesicles [1-CU].  Repeat the extrusion 10 times [2-MED].
3.6.1. Vesicle suspension as talent extrudes it through a 0.10 micron track-etched polycarbonate membrane using a lipid extruder to enrich for SUVs.
3.6.2. Talent repeats the extrusion.   
4. Assembling the Microfluidic Device
4.1. Test the inlets and outlets of the PDMS block for blockage by squirting deionized water through the holes using a water wash bottle [1-MED].  Then, dry the PDMS block with nitrogen gas [2-MED-over the shoulder].
4.1.1. Talent squirts deionized water through the holes on the PDMS block.
4.1.2. Talent dries the PDMS block with nitrogen gas. 
4.2. Next, place the PDMS block and the pre-cleaned coverslip inside the oxygen plasma system sample chamber [1-CU-TXT].  
4.2.1. PDMS block and pre-cleaned coverslip as talent places it inside the oxygen plasma system sample chamber.  TEXT Overlay: See text for cleaning procedure
4.3. Expose the PDMS block and the coverslip with oxygen plasma for 45 seconds with a power setting at 75 Watts, oxygen flow speed at 10 cubic centimeters per minute, and vacuum strength at 200 milliTorr [1-MED-over the shoulder].
4.3.1. Talent sets up the oxygen plasma system to expose PDMS block and the coverslips with oxygen plasma for 45 s with a power setting of 75 W, oxygen flow speed of 10 cubic cm per minute, and vacuum strength at 200 mTorr.
4.4. Next, place the patterned surface of the PDMS block in contact with the coverslip immediately after the oxygen plasma treatment [1-CU].  Press gently to remove any air bubbles at contact sites [2-MED-over the shoulder].
4.4.1. Coverslip as talent places the pattered surface of the PDMS block in contact with it.
4.4.2. Talent presses gently to remove any air bubbles at the contact sites.
4.5. Place the device on a level hot plate at 100 degrees Celsius for 3 minutes to enhance the bonding [1-MED].
4.5.1. Talent places the device on a level hot plate at 100 degrees Celsius.
4.6. Use a wet lint-free wipe with 100% ethanol to remove any dust particles from the top and the bottom of the device [1-CU].  Then, tape the device on top of a glass microscope slide [2-MED-over the shoulder].
4.6.1. Device as talent uses a wet lint-free wipe with 100% ethanol to remove any dust particles from the top and bottom.
4.6.2. Talent tapes the device on top of the glass microscope slide.
5. Forming Supported Lipid Bilayers (SLBs)
5.1. Transfer 100 microliters of the phosphatidylinositol 4,5-bisphosphate-containing small unilamellar vesicles into a 0.65 milliliter microcentrifuge tube [1-CU].  Adjust the pH of the solution to approximately 3.2 by adding 6.4 microliters of 0.2 Normal hydrochloric acid [2-MED-over the shoulder].
5.1.1. Microcentrifuge tube as talent transfers 100 microliters of the phosphatidylinositol 4,5-bisphosphate-containing small unilamellar vesicles there.
5.1.2. Talent adjusts the pH of the solution to 3.2 with HCl.
5.2. Pipette 10 microliters of the pH-adjusted small unilamellar vesicle solution into each channel through the inlet and apply pressure through the pipette until the solution reaches the outlet [1-CU].  Detach the tip from the pipette and leave it attached to the device [2-MED].
5.2.1. Device as talent pipettes 10 microliters of the pH-adjusted small unilamellar vesicle solution into each channel through the inlet and apply pressure through the pipette until the solution reaches the outlet.
5.2.2. Talent detaches the tip from the pipette and leaves it attached to the device.
5.3. After repeating this step for each channel, incubate the device for 10 minutes at room temperature [1-MED-over the shoulder].  Meanwhile, cut sets of inlet and outlet tubing [2-MED-TXT]. 
5.3.1. Talent leaves the device at room temperature and starts a timer to count down from 10 minutes.
5.3.2. Talent cuts sets of inlet and outlet tubing.  TEXT Overlay: 60 cm for inlet tubing, 8 cm for outlet tubing
5.4. Using tweezers, connect the ‘outlet tubing set’ to the device, and then tape the device onto a microscope stage [1-CU].  Submerge one end of the ‘inlet tubing set’ in 25 milliliters of running buffer contained in a conical tube and tape it to make sure that the tubing is secured [2-MED-over the shoulder]. 
5.4.1. Outlet tubing as talent connects it to the device using tweezers and then tapes the device onto the microscope stage. (connecting the outlet tubing and taping the device were done in two separate shots)
5.4.2. Talent submerges one end of the inlet tubing set in 25 mL of running buffer contained in a conical tube and tapes it to secure the tubing.
5.5. Using a lab jack, place the conical tube on a higher ground than the device in order to push the solution through the microchannels via gravity flow [1-MED-TXT].
5.5.1. Talent uses a lab jack to place the conical tube on higher ground than the device.  TEXT Overlay: ~20 cm high
5.6. For each inlet tube, use a syringe to draw 1 milliliter of running buffer from the free end of the tubing [1-CU].  Remove the pipette tip from the inlet and insert the free end of the inlet tubing into the device [2-MED-over the shoulder].  Repeat this process to connect all the inlet tubing pieces to the device [3-MED].
5.6.1. Syringe and inlet tube as talent uses a syringe to draw 1 mL of running buffer from the free end of the tubing.
5.6.2. Talent removes the pipette tip from the inlet and inserts the free end of the inlet tubing into the device.
5.6.3. Talent continues to connect all the inlet tubing pieces to the device. 
5.7. Next, open the microscope control software [1-MED-over the shoulder].  On the left panel, click on the “Microscope” tab and choose the “10X” objective.  Click on “Live” and then the “Alexa 568” image icons on the toolbar.  Using the fine and course adjustment knobs, focus on the microchannels [2-SCREEN].
5.7.1. Talent opens the microscope control software.
5.7.2. 55869_Cameron_SCREEN_5.7.2 – Screen capture movie as talent navigates to the left panel, clicks on the “Microscope” tab and chooses the “10X” objective.  Talent clicks on “Live” and then “Alexa 568” image icons on the toolbar.  Talent uses the fine and course adjustment knobs to focus on the microchannels
5.8. Scan through the device to check the quality of the SLBs and the channels [1-LM]. Then, click the “FL Shutter Closed” image icon on the toolbar.  Click on the “Acquisition” tab, and under “Basic adjustments” select “Exposure time.”  Set the exposure time to “200 milliseconds” [2-SCREEN].
5.8.1. 55869_Cameron_Figure8.tif 
5.8.2. 55869_Cameron_SCREEN_5.8.2 – Screen capture movie as talent clicks the “FL Shutter Closed” image icon on the toolbar.  Then talent clicks on the “Acquisition” tab, and under “Basic adjustments” selects “Exposure time.”  Talent sets the exposure time to “200 milliseconds.”
The specific step is towards the very end of the .avi file I provided.
5.9. On the left panel, click on “Multidimensional Acquisition.”  Under the filters menu, select the red channel.  Then, click on the “time lapse” menu.  Set the time interval to 5 minutes, duration to 30 minutes, and click “Start” [1-SCREEN].
5.9.1. 55869_Cameron_SCREEN_5.9.1 – Screen capture movie as talent navigates to the left panel, and clicks on “Multidimensional Acquisition.”  Under the filters menu, select the red channel (marked as “Alexa 568”).  Then, talent clicks on the “time lapse” menu, sets the time interval to 5 minutes, the duration to 30 minutes, and clicks “Start”
5.10. Select the “Circle” tool under the “Measure” tab and draw a circle in any channel.  Right click while the circle is selected and choose “Properties”. Under the “Profile” tab, check “all T” to view the fluorescence intensity as a function of time [1-SCREEN].  
5.10.1. 55869_Cameron_SCREEN_5.10.1 – Screen capture movie as talent selects the “Circle” tool under the “Measure” tab and draws a circle in any channel.  Talent right clicks while the circle is selected and chooses “Properties.” Under the “Profile” tab, talent checks “all T” to view the fluorescence intensity as a function of time. 
5.11. Make sure this curve reaches a plateau, which indicates equilibrium, before proceeding to the next step [1-MED-over the shoulder].  Lower the buffer solution to an equal ground as the device to stop the flow [2-CU]. 
5.11.1. Talent views screen as the curve reaches a plateau.
5.11.2. Buffer solution as talent lowers to an equal ground as the device to stop the flow.
6. Testing PLC-δ1 PH Domain Interaction with PI(4,5)P2-Containing SLBs
6.1. One at a time, detach each outlet tubing and apply 200 microliters of each protein dilution into the outlet channel using a pipette [1-MED-over the shoulder].  Do not apply any pressure; let gravity do the work [2-CU].  Detach the tip from the pipette and leave it attached to the microfluidic device [3-MED].
6.1.1. Talent detaches each outlet tubing and begins to apply 200 microliters of each protein dilution into the outlet channel using a pipette.  Match/continue action in next shot.
6.1.2. Outlet channel as talent applies 200 microliters of each protein there.
6.1.3. Talent detaches the tip from the pipette and leaves it attached to the microfluidic device. 
6.2. Repeat this process for each channel and make sure that air bubbles are not introduced into the channels during this process [1-CU].
6.2.1. Another channel as talent pipettes the protein there and then detaches the pipette tip and leaves it attached.
6.3. Next, lower the inlet tubing to a ground below the microfluidic device to start flowing the protein through the microchannels [1-MED-over the shoulder].  Tape the free end of the tubing to a waste container [2-CU].  Flow the dilutions of the Pleckstrin Homology domain for 30 minutes [3-MED-over the shoulder-TXT].
6.3.1. Talent lowers the inlet tubing to the ground below the microfluidic device and starts flowing the protein through the microchannels.
6.3.2. Free end of the tubing as talent tapes it to the waste container.
6.3.1 and 6.3.2 were shot together, since it was not possible to separate these two.
6.3.3. Talent starts to flow the dilutions of the PH domain and starts a timer to count down from 30 minutes.  TEXT Overlay: See text for performing dilutions 
6.4. On the left panel of the software, under the “Time Lapse” tab, click on “Start” to begin imaging again [1-SCREEN-TXT].
7. 55869_Cameron_SCREEN_6.4.1: Screen capture movie as talent navigates to the left panel of the software, under the “Time Lapse” tab, and clicks on “Start” to begin the imaging again.  TEXT Overlay: See text for data analysis
8. Results: Assessing PLC-δ1 PH Domain:Phosphoinositide Interactions with PIP-on-a-Chip Assay
8.1. Shown here is a representative view of the phosphatidylinositol 4,5-bisphosphate -containing SLBs within microchannels [1-LM] before… [2-LM] and after… [3-LM] adding the Pleckstrin Homology domain at the indicated concentrations [4-LM].
8.1.1. 55869_Cameron_Figure1.tif
8.1.2. 55869_Cameron_Figure1.tif – Editors, please highlight the before label.
8.1.3. 55869_Cameron_Figure1.tif – Editors, please highlight the after label.
8.1.4. 55869_Cameron_Figure1.tif – Editors, please highlight the PLC-δ1 PH label and corresponding concentrations.
8.2. Fluorescence intensities from the line scan across microchannels are plotted as a function of distance in pixels [1-LM] for phosphatidylcholine… [2-LM], phosphatidylinositol 4-phosphate… [3-LM], and phosphatidylinositol 4,5-bisphosphate binding experiments [4-LM].
8.2.1. 55869_Cameron_Figure2.tif
8.2.2. 55869_Cameron_Figure2.tif – Editors, please zoom into the left-most panel.
8.2.3. 55869_Cameron_Figure2.tif – Editors, staying zoomed in, please slide over to the middle panel.
8.2.4. 55869_Cameron_Figure2.tif – Editors, staying zoomed in, please slide over to the right panel.
8.3. Then, normalized binding data from individual experiments is plotted as a function of phospholipase C delta 1 Pleckstrin Homology domain concentration, and fit to a binding isotherm to extract dissociation constants [1-LM].
8.3.1. 55869_Cameron_Figure3.tif

8.4. Comparison of the dissociation constants show that phospholipase C delta 1 Pleckstrin Homology domain interacts with phosphatidylinositol 4,5-bisphosphate specifically, as expected [1-LM].
8.4.1. 55869_Cameron_Figure4.tif – Editors, please highlight the red bar as narrated.
9. Conclusion (said by authors on camera)

9.1. Paul S. Cremer:  After watching this video, you should have a good understanding of how to prepare small unilamellar vesicles, assemble a microfluidic device, form supported lipid bilayers, and measure protein-membrane binding using our PIP-on-a-chip approach [1-MED].

9.1.1. Paul speaks toward the camera, interview style.

9.2. Djoshkun Shengjuler: Once mastered, this technique can be done in 3 hours if it is performed properly [1-MED].

9.2.1. Djoshkun speaks toward the camera, interview style.

9.3. Simou Sun: Following this procedure, other methods like fluorescence recovery after photobleaching can be performed in order to assess the effect of protein-membrane binding on the lateral diffusion of the lipids [1-MED].

9.3.1. Simon speaks toward the camera, interview style.

9.4. Craig E. Cameron: This technique paves the way to study protein-membrane interactions with the ensemble of lipids found in cells instead of one at a time.  This approach will therefore broadly impact biochemistry and cell biology of protein-membrane interactions [1-MED].
9.4.1. Craig speaks toward the camera, interview style.   
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.
LAB MEDIA (LM):

55869_Cameron_Figure8.tif 

55869_Cameron_Figure1.tif

55869_Cameron_Figure2.tif

55869_Cameron_Figure3.tif

55869_Cameron_Figure4.tif

SCREEN Capture movies: 
55869_Cameron_SCREEN_5.7.2 – Screen capture movie as talent navigates to the left panel, clicks on the “Microscope” tab and chooses the “10X” objective.  Talent clicks on “Live” and then “Alexa 568” image icons on the toolbar.  Talent uses the fine and course adjustment knobs to focus on the microchannels
55869_Cameron_SCREEN_5.8.2 – Screen capture movie as talent clicks the “FL Shutter Closed” image icon on the toolbar.  Then talent clicks on the “Acquisition” tab, and under “Basic adjustments” selects “Exposure time.”  Talent sets the exposure time to “200 milliseconds.”
55869_Cameron_SCREEN_5.9.1 – Screen capture movie as talent navigates to the left panel, and clicks on “Multidimensional Acquisition.”  Under the filters menu, select the red channel (marked as “Alexa 568”).  Then, talent clicks on the “time lapse” menu, sets the time interval to 5 minutes, the duration to 30 minutes, and clicks “Start”
55869_Cameron_SCREEN_5.10.1 – Screen capture movie as talent selects the “Circle” tool under the “Measure” tab and draws a circle in any channel.  Talent right clicks while the circle is selected and chooses “Properties.” Under the “Profile” tab, talent checks “all T” to view the fluorescence intensity as a function of time. 
55869_Cameron_SCREEN_6.4.1: Screen capture movie as talent navigates to the left panel of the software, under the “Time Lapse” tab, and clicks on “Start” to begin the imaging again.  
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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