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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 you can record images/videos using your own camera/software, then mark No)   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___ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. __              ___2.1-2.3   3.3,   3.7,   4.2 ________________________________

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 to be filmed by their protocol numbers. (Please do not list an entire section.) _____4.2, but the note right after the section 4.3 ensures success___

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. Experimental Goal (read by voice talent at JoVE):
The overall goal of this technique is to observe two dimensional mixing of two different surfactants and extract the diffusion coefficient from that. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dae-Woong Jeong: This technique can help answer key questions in the biophysics and surface science field, such as a fluidity and interactions of different species in cell membranes, as well as interaction between surface active agents [1.1.1 – MED]. 
1.1.1. Dae-Woong speaks toward the camera, interview style.
1.2. Dae-Woong Jeong: The main advantage of this technique is that we can directly observe mixing of any two surfactant monolayers; both of them are independently controlled using a very simple setup [1.2.1 – MED].
1.2.1. Dae-Woong speaks toward the camera, interview style.
Protocol (read by voice talent at JoVE):
2. Preparation of phospholipid monolayer at a flat air-water interface
2.1. To form of a phospholipid monolayer, first prepare a phospholipid solution by cleaning a 4 milliliter vial with a polytetrafluoroethylene (pronounced “pol-ee-te-truh-floo r-oh-eth-uh-leen”) coated cap [2.1.1 – MED].  Rinse with acetone, ethanol, and deionized water at least three times [2.1.2 – MED-over the shoulder].  Then blow nitrogen gas thoroughly into the vial to get rid of water [2.1.3 – CU].
2.1.1. Talent begins to clean the vial with cap with acetone from a labeled container.
2.1.2. Talent rinses the vial/cap with ethanol or water from a labeled container. 
2.1.3. Vial as talent blow nitrogen gas to get rid of the water.
2.2. Dissolve 1 milligram of phospholipid into 1 milliliter of chloroform in the vial to obtain a concentration of 1 milligram per milliliter [2.2.1 – MED-over the shoulder].
2.2.1. Vial as talent dissolves the phospholipid in the chloroform.  Use labeled containers.  TEXT Overlay: Dioleoylphosphatidylcholine (DOPC)  
2.3. Next, add dye tagged phospholipids with less than 1 mol % of the phospholipid solution, in order to visualize the phospholipid monolayer with a fluorescence microscope [2.3.1 – CU].  
2.3.1. Sample vial as talent combines dye tagged phospholipids with less than 1 mol % of the phospholipid.  TEXT Overlay: Rhodamine dipalmitoylphosphatidylethanolamine (Rhodamine DPPE)
2.4. Wrap the vial with a polytetrafluoroethylene tape to prevent solvent evaporation, and store the sample in a freezer at minus 20 degrees Celsius [2.4.1 – MED-over the shoulder].
2.4.1. Talent wraps the vial with polytetrafluoroethylene tape.
2.5. To deposit the phosopholipids onto the air-water interface, first clean a petri dish with ethanol and deionized water at least three times [2.5.1 – MED].  Then, fill the petri dish with 10 milliliters of deionized water to create an air-water interface [2.5.2 – MED-over the shoulder].
2.5.1. Talent cleans a petri dish with ethanol and deionized water.  Use labeled containers.
2.5.2. Petri dish as talent fills with 10 mL of deionized water.
2.6. Spread a few microliters of the phospholipid solution with a micro-syringe onto a clean interface to achieve the desired surface pressure [2.6.1 – CU] and wait for at least 30 minutes to evaporate the solvent completely, prior to doing the experiment [2.6.2 – MED-over the shoulder].
2.6.1. Clean interface as talent spreads a few microliters of the phospholipid solution with a micro-syringe.
2.6.2. Talent starts a timer to count down from 30 minutes.
2.7. Measure the surface pressure of the phospholipid monolayer with a Wilhelmy plate tensiometer (pronounced as “ten-see-om-i-ter”) [2.7.1 – CU].
2.7.1.  Phospholipid monolayer and Wilhelmy plate tensiometer as talent measures the surface pressure.
2.8. Adjust the deposited amount of the phospholipid to control the surface pressure precisely.  Add 4 microliters of the DOPC solution onto a 30.25 square centimeter area of the interface if approximately 5 milliNewtons per meter of surface pressure is required [2.8.1 – MED-over the shoulder].
2.8.1. Talent aspirates the DOPC from a labeled container into a pipette and adds it to the surface to adjust the deposited amount. {Comment: This shot was not filmed since this step is deleted.}
2.9. Use a cone-shaped apparatus that contains a 3 millimeter reservoir with two thin channels [2.9.1 – ECU], connected to a large section of the petri dish, to suppress the convective flow of the monolayer, which can disturb morphology imaging and surface pressure measurement [2.9.2 – CU].2 takes for “millimeter” and “milliliter”
2.9.1. Cone-shaped apparatus as talent displays the reservoir and channels to the channel.
2.9.2. Petri dish as talent places the cone there.(The cone-shaped apparatus is already in the petri dish since 2.5.2)
3. Preparation of phospholipid monolayer at the curved surface of a droplet
3.1. To coat the phospholipids at a tip end of a tapered glass capillary, first clean a glass slide using acetone, ethanol, and deionized water at least three times [3.1.1 – MED].
3.1.1.   Talent cleans a glass slide.
3.2. Place the tapered capillary on a cleaned glass slide, and tilt the capillary to facilitate touching the glass slide with a tip end [3.2.1 – CU].
3.2.1. Capillary as talent places the tapered capillary on a cleaned slide glass and tilts the capillary to facilitate touching the slide glass with a tip end.
3.3. Drop a few droplets of phospholipid solution onto the tip end of the capillary that is adhered to the glass slide using a glass syringe, and wait at least 30 minutes to evaporate the solvent completely [3.3.1 – ECU].
3.3.1. Tip end of the capillary as talent drops a few droplets of phospholipid solution there using a glass syringe
3.4. To form a droplet that contains a phospholipid monolayer at the curved surface, fill in the tapered capillary with 10 microliters of deionized water [3.4.1 – MED-over the shoulder].  Connect the capillary to an automated micro-injector to provide the pressure to form the droplet [3.4.2 – CU].
3.4.1. Talent fills in the tapered capillary with 10 microliters of deionized water.
3.4.2. Capillary as talent connects to an automated micro-injector.
3.5. Mount the capillary that is connected to a micro-injector to a micromanipulator to control the position of the capillary precisely [3.5.1 – MED-over the shoulder].
3.5.1. Talent mounts the capillary that is connected to a micro-injector to a micromanipulator.
3.6. Prepare a bright field microscope for imaging the lateral view of the capillary with a CCD camera.  This serves as microscope 1 and enables observation of the precise position of the droplet along the z-axis as well as estimation of the droplet size [3.6.1 – BROLL].
3.6.1. Several different shots of microscope 1 in position.  TEXT Overlay: objective lens: 10x NA 0.3
3.7. Using a micromanipulator, move the tip end to a position where the lateral view of the tip end is well visualized by Microscope 1, and apply a variable pressure with the tip end of the capillary, until an appropriate size of droplet is formed [3.7.1 – LM].
3.7.1. 53376_Make_droplet.avi – Movie shows droplet formation at 10x, microscope 1. TEXT Overlay (as “appropriate sized droplet” is narrated): ~100 μm in diameter
4. Imaging fluorescence recovery after droplet merging
4.1. To monitor and control the location of the droplet, prepare an inverted microscope set to serve as Microscope 2 as instructed in the text protocol [4.1.1 – BROLL].
4.1.1. Several different shots of microscope 2 in position.  TEXT Overlay: objective lens: 10x NA 0.3, tube lens: focal length 17 cm  
4.2. Using the micromanipulator, move the droplet coated with a phospholipid to a flat air-water interface along the z-axis, but do not merge the droplet yet. Use Microscope 1 to visualize the lateral view of the droplet [4.2.1 – LM].
4.2.1. 53376_Move_droplet_to_interface.avi – Movie shows movement of droplet at 10x, microscope 1
4.3. Locate the droplet at the center of the top view of the flat monolayer, using the micromanipulator.  Use the bright-field microscope mode of Microscope 2 to visualize the top view of the flat monolayer [4.3.1 – LM].
4.3.1. 53376_Move_to_center.avi – Movie shows movement of droplet at 20x, microscope 2
4.4. Dae-Woong: To calculate a diffusion coefficient more accurately, the dark region formed by merging a droplet should be a circular shape.  So it is important to restrict flow in the petri dish and make sure that the tip end does not touch the interface [4.4.1- MED].
4.4.1. Dae-Woong speaks toward camera, interview style.  
4.5. To merge the droplet onto the flat air-water interface, use the micromanipulator to move the droplet further toward the flat interface until the droplet merges onto the interface [4.5.1 – LM]. 
4.5.1. 53376_Merge_droplet_to_subphase.avi – Movie shows merging of droplet at 10x, microscope 1
4.6. Record the series of fluorescent images according to the time after merging the droplet, using the fluorescence mode of Microscope 2.  Refer to the text protocol for image analysis [4.6.1 – LM].
4.6.1. 53376_After_merging.avi – Movie shows diffusion process after merging at 20x, microscope 2
5. Results: Diffusion coefficient of DOPC and DPPC monolayer as a function of surface pressure
5.1. A series of fluorescence images was obtained with time during the recovery process after merging a droplet coated with a DOPC monolayer onto a flat DOPC monolayer.  A recovery process was observed at 23 milliNewtons per meter of fixed surface pressure [5.1.1 – LM].  
5.1.1. 53376_Jeong_Figure 1B 
5.2. A fit of the change of fractional intensity according to time is shown here.  The R squared value of this fit is 0.999.  The diffusion coefficient of the DOPC monolayer obtained from this fit was 27.54 square microns per second at 23 milliNewtons per meter of surface pressure [5.2.1 – LM].
5.2.1. Figure 2
5.3. For further validation of the fluorescence recovery after merging, or FRAM, diffusion coefficients of the DOPC and DPPC monolayers were measured according to surface pressure [5.3.1 – LM].  
5.3.1. Figure 3. TEXT Overlay:  DPPC = Dipalmitoylphosphatidylcholine
5.4. As shown here, FRAM captures the rapid decrease of diffusion coefficient of the DPPC monolayer at approximately 9 milliNewtons per meter of surface pressure, where a liquid condensed –liquid expanded phase transition occurs [5.4.1 – LM].  
5.4.1. Figure 3 – Editors, please highlight the 4 right-most white squares as this point is narrated.  
5.5. Values of diffusion coefficients agreed well with previous measurements.  In addition, an exponential decay of the diffusion coefficient with the surface pressure was observed in the DOPC monolayer, consistent with previously published research [5.5.1 – LM].
5.5.1. LAB MEDIA:  Figure 3 – Editors, please highlight the light gray line as the first sentence is narrated and the dark gray line as the second sentence is narrated. 
6. Conclusion (said by authors on camera)

6.1. Dae-Woong Jeong: Once mastered, this technique can be done in 2 hours if it is performed properly [6.1.1 – MED].
6.1.1. Talent speaking to camera, interview style.
6.2. Dae-Woong Jeong: Following this procedure, mixing between two different lipid species also can be observed by forming two different monolayers, one at the droplet surface and the other at the flat air/water interface in order to answer additional questions like interaction between different lipid species [6.2.1 – MED].
6.2.1. Talent speaking to camera, interview style.
6.3. Dae-Woong Jeong: After its development, this technique paved the way for researchers in the field of biophysics and surface science to explore fluidity and interactions of different species in cell membranes, as well as interaction between surface active agents [6.3.1 – MED].
6.3.1. Talent speaking to camera, interview style.
6.4. Dae-Woong Jeong: Don't forget that working with chloroform can be extremely hazardous and precautions such as use of fume hood should always be taken while performing this procedure [6.4.1 – MED].   

6.4.1. Talent speaking to 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.  

Authors please upload the following to the provided link.
3.7 –
53376_Make_droplet.avi – Movie shows droplet formation at 10x, microscope 1

4.2 –
53376_Move_droplet_to_interface.avi – Movie shows movement of droplet at 10x, microscope 1

4.3 –
53376_Move_to_center.avi – Movie shows movement of droplet at 20x, microscope 2

4.5 –
53376_Merge_droplet_to_subphase.avi – Movie shows merging of droplet at 10x, microscope 1

4.6 –
53376_After_merging.avi – Movie shows diffusion process after merging at 20x, microscope 2
5.1 - 53376_Jeong_Figure 1B
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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