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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)   No – digital images can be obtained
(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 SMZ-2T Stereo Microscope & Nikon Eclipse Ti-U Inverted Microscope
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)   YES 
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 number.  4.4, 4.5, 4.6, 6.4, 6.5, and 6.10 from manscript – included in results
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number.  6.10 from manuscript – This step isn’t necessarily difficult, but can sometimes be the biggest hassle (depending on the H2O/C12E5 concentration) due to lengthy diffusion times.  During this long wait time, pressure differentials can build up in the tube and cause the liquid segments to move slowly.  This requires the experimenter to keep an eye on the liquids for the entirety of the diffusion process and periodically apply some pumping with the syringe pump to keep the test chamber from moving out of the microscope’s viewable area.
E.  Will the filming need to take place in multiple locations? (Y/N)  YES
If yes, how far apart are the locations?  Across a hallway.

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 analyze carry-over volume between adjacent liquid segments within a “Lab-in-Tube” device using magnetic beads. (Intro)

This is achieved by creating the device using hydrophobic tubing loaded with a syringe pump to consist of multiple liquid segments separated by an air valve and incorporating both magnetic beads and a fluorescent dye into one of the liquids. (P1) 
Editors, please use the file “52957 (#422) Graphics-28apr15.pptx” for P1 and P2, using the images on page 2 and 3. Start with the images to the left and center only (not the inset of the reservoir/test chamber and magnet or the photograph of the chamber).  As syringe pump is narrated, highlight or slightly enlarge the red/pink syringe pump to the left of the figure.  Then have the tube with red and blue sections that represents the device made up of the reservoir, magnetic particles and test chamber appear to come out of the screen and transition to an enlarged illustration of this (see page 3 for the tube component, but omit the magnet and polarizer at this time).  Then, transition back to the starting figure.

As a second step, the fluorescent intensity of the adjacent liquid segments is measured using an inverted microscope after each transfer of the magnetic beads is performed using an external magnet. (P2)
Editors, please use the file “52957 (#422) Graphics-28apr15.pptx” for P1 and P2, using the images on page 2 and 3.  From where P1 left off, first slightly enlarge or highlight the microscope as narrated.  Then have the device and magnet appear to enlarge from the figure and transition to the inset that is illustrated in the upper right corner of page 2 as “using an external magnet” is narrated.  Include labels.

Next, numerical analysis is done on these fluorescence intensity measurements in order to calculate the carry-over volume of the magnetic beads. (P3)  
Editors, please show the plot on page 3 of the file “52957 (#422) Graphics-28apr15.pptx” as P3 is narrated.

The results show that analysis of the phase change in a multi-component system comprised of two liquids is feasible based on the ability to use magnetic beads as a method of transferring microliter-sized liquid volumes between adjacent reservoirs. (P4)
Editors, please Figure 5.1.png and Figure 5.2.png as P4 is narrated.

Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or PowerPoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   

[image: Figure 1]


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

1.1. Nick: The main advantage of this technique over existing methods, like standard approaches such as using microfluidic channels, is that it offers simple and cost effective fabrication, high variability in user control between different experiment types, and consistent results [1.1.1 – MED].
1.1.1. Nick speaks to the camera, interview style.
1.2. Daewoo: Though this method can provide insight into applications requiring the movement of minute liquid volumes, it can also be applied to other systems, such as cell separation, drug targeting, and contrast agents [1.2.1 – MED].
1.2.1. Daewoo speaks to the camera, interview style.
1.3. Dr. Andrew Steckl: The implications of this technique extend toward therapy of urine analysis, immunoassay, and protein separation such as red blood cell separation from whole blood.  This is because magnetic beads can capture and transfer the target protein in a liquid segment by forming aggregates and/or functionalizing the magnetic bead surface [1.3.1 – MED].
1.3.1. Dr. Steckl speaks to the camera, interview style.


Protocol (read by voice talent at JoVE):
2. Preparation of One-Time Use Materials in Device
2.1. To prepare the tube, first cut tubing into 15 centimeter segments [2.1.1 – MED].  Hang the tube segments vertically using tape, placing a paper towel underneath the tubes to collect the excess fluoropolymer solution [2.1.2 – CU].
2.1.1. Talent cuts the tubing into 15 cm segments.
2.1.2. [bookmark: _GoBack]Tubes as talent hangs them vertically and then places paper towel underneath the tubes.
2.2. Inject 100 microliters of the fluoropolymer solution into the top opening of each tube segment using a micro-pipette, such that it will come into contact with the entire circumference of the inner-wall [2.2.1 – MED-over the shoulder].
2.2.1. Talent injects 100 microliters of the fluoropolymer solution from a labeled container into the top opening of each tube segment using a syringe micro-pipette.
2.3. Allow tube segments to hang in place for 1 hour to remove any excess amount of fluoropolymer solution [2.3.1 – CU].  Then, place the tube segments into an oven at 100 degrees Celsius for 1 hour to anneal the fluoropolymer coating layer [2.3.2 – MED].
2.3.1. Tubes as they hang, dripping the excess solution onto the paper towel.
2.3.2. Talent places the tube segments into the oven. 
2.4. Next, prepare the diluted magnetic bead solution by placing a 20 milliliter sample vial onto a micro-balance and zeroing the balance [2.4.1 – MED-over the shoulder].  Agitate the magnetic bead solution container and then withdraw 0.6 milliliters using a micro-pipette [2.4.2 – CU].
2.4.1. Talent places a 20 milliliter sample vial onto a micro-balance and zeroes the balance
2.4.2. Talent vortexes magnetic bead solution for 3 seconds and then withdraws 0.6 mL using a micro-pipette.
2.5. Dispense the pipetted solution into the sample vial on the balance and dispense 0.4 milliliters of distilled water into the sample vial [2.5.1 – MED-over the shoulder].
2.5.1. Talent dispenses the pipetted solution into the sample vial on the balance and dispenses 0.4 mL of distilled water into the sample vial.
2.6. Also prepare the fluorescent dye by dissolving 0.02 weight percent of dye into deionized water and vortexing the solution for 1 minute [2.6.1 – CU].
2.6.1. Deionized water as talent dissolves fluorescent dye there.
3. Experimental Setup for Fluorescence Experiments
3.1. To prepare the tubing device, insert a female Luer-lock connector onto one end of the tubing [3.1.1 – MED-over the shoulder].  Place the tube into a Luer-lock syringe that has a 3 milliliter volume and 0.1 milliliter graduation [3.1.2 – CU].
3.1.1. Talent inserts a female Luer-lock connector onto one end of the tubing.
3.1.2. Tube as talent places it into a Luer-lock syringe that has a 3mL volume and 0.1 mL graduation.
3.2. Place the syringe into the syringe pump and set the feed rate at 2 milliliters per hour [3.2.1 – MED-over the shoulder].  Vortex the container with a magnetic bead solution before inserting 20 microliters into the tube using syringe pump withdrawal [3.2.2 – MED].  
3.2.1. Talent places the syringe into the syringe pump and sets the feed rate to 2 mL/hr.
3.2.2. Talent vortexes the container and then uses the pump to insert 20 microliters into the tube.
3.3. After the test chamber liquid insertion is concluded, withdraw 6 microliters of air into the tube.  This volume of air will later form a valve in between the two liquid segments [3.3.1 – MED-over the shoulder].
3.3.1. Tube as talent withdraws 6 microliters of air into the tube.
3.4. Once air gap insertion is completed, begin withdrawal of 180 microliters of liquid with fluorescent dye [3.4.1 – CU].  Place a second female Luer-lock connector onto the other end of the tube and remove the tube device from the syringe [3.4.2 – MED-over the shoulder].  Then, place Luer-lock caps on both ends of the device [3.4.3 – CU]. 
3.4.1. Tube as talent withdraws 180 microliters of liquid with fluorescent dye into it.
Move liquid segments to the center of tube.
3.4.2. Film as written.
3.4.3. Film as written.
4. Experimental Procedure for Fluorescence Experiments
4.1. Take the initial fluorescence intensity measurement of the test chamber and reservoir using the inverted microscope [4.1.1 – MED-over the shoulder].
4.1.1. Talent takes the initial fluorescence intensity measurement of the test chamber. 
4.2. Place the device over the top of the cube magnet such that the magnetic beads all segregate to one area in the test chamber [4.2.1 – CU].  Transfer the beads to the reservoir by moving the device over the top of the magnet [4.2.2 – LM]. 
4.2.1. Device as talent places it on top of the cube magnet so that the magnetic beads all segregate to one area of the test chamber.
4.2.2. Microscope_Movie_4.2.2:  Microscope movie as the beads are transferred to the reservoir.  Editors, please speed up this movie to fit the narration. 
4.3. Once the magnetic bead cluster is transferred through the air gap and into the reservoir, agitate the magnetic beads by placing the device over the top of the magnet and rotating to release the liquid being trapped within the cluster until homogenization of the reservoir has been completed [4.3.1 – CU].
4.3.1. Device as talent places it over the top of the magnet and rotates it to release the liquid being trapped within the cluster. 
4.4. Then, place the device over the top of the magnet such that the magnetic beads in the reservoir all segregate to one area [4.4.1 – CU].  Transfer the magnetic bead cluster back to the test chamber [4.4.2 – LM].
4.4.1. Device as talent places it over the top of the magnet so that the magnetic beads in the reservoir segregate to one area.
4.4.2. Microscope_Movie_4.4.2:  Microscope movie as the beads are transferred from a cluster the reservoir to the reservoir test chamber.  Editors, please speed up this movie to fit the narration. 
4.5. Once the cluster reaches the test chamber, agitate the magnetic beads by placing the device over the top of the magnet and rotating it to release the trapped fluorescent liquid within, until homogenization of the test chamber has been completed [4.5.1 – CU].
4.5.1. Device as talent places it over the top of the magnet and rotates it to release the trapped fluorescent liquid within.
4.6. Take fluorescence intensity measurements of both the test chamber and reservoir using the inverted microscope.  Repeat these steps until both liquid segments converge to similar fluorescence intensities [4.6.1 – LM].
4.6.1. Microscope_Movie_4.6.1:  Microscope movie as talent takes fluorescence intensity measurements of both the test chamber and reservoir.  Editors, please speed up this movie to fit the narration if necessary. 
5. Experimental Setup for Surfactant Experiments
5.1. To prepare the tubing device, insert a female Luer-lock onto one end of the tubing, and place the tube into a Luer-lock syringe [5.1.1 – MED].  Then, place the syringe into the syringe pump and set the feed rate at 2 milliliters per hour [5.1.2 – MED-over the shoulder].
5.1.1. Film as written.  Reuse 3.1.1
5.1.2. Film as written.  Reuse 3.2.1
5.2. Insert 20 microliters of a 1:1 H2O/MB:C12E5 (pronounced as “C-twelve-E-five”) mixed solution into the tube using syringe pump withdrawal [5.2.1 – CU].  After test chamber liquid insertion is concluded, withdraw 6 microliters of air into the tube [5.2.2 – MED-over the shoulder].  Following air gap insertion, begin withdrawal of 180 microliters of pure C12E5 surfactant [5.2.3 – CU].
5.2.1. Syringe pump/tube as talent inserts 20 microliters of magnetic bead 1:1 H2O/MB:C12E5 mixed solution into the tube using syringe pump withdrawal.
Clean the outside of tube using wipe.
5.2.2. Film as written.  
5.2.3. Labeled container of C12E5 as talent begins withdrawal of 180 microliters.
5.3. To set up the optics, first move the syringe pump with the tubing device such that the test chamber with magnetic beads is in focus with the stereo microscope [5.3.1 – LM].
5.3.1. Microscope_Movie_5.3.1:  Microscope movie as talent moves the syringe pump with tubing so that the test chamber with magnetic beads is in focus with the stereo microscope.
5.4. Place a sheet of polarizer film on top of an LED light source [5.4.1 – MED-over the shoulder].  Slide the LED light source underneath the tube attached to the syringe pump [5.4.2 – CU].
5.4.1. Film as written.
5.4.2. LED light source as talent slides it underneath the tube attached to the syringe pump.
5.5. Attach another polarizer film to the lens of the stereo microscope using tape [5.5.1 – MED].  Be sure that the two polarizer films have a 90 degree offset from each other [5.5.2 – CU].
5.5.1. Talent begins to attach another polarizer to the lens of the stereo microscope using tape.  Continue action in next shot.
5.5.2. Talent continues to attach another polarizer to the lens using tape, showing that they are 90 degrees off from each other. 
6. Experimental Procedure for Surfactant Experiments
6.1. Place the cube magnet next to the test chamber while the magnet is mounted onto a stand [6.1.1 – CU].
6.1.1. Cube magnet as talent places next to the test chamber while the magnet is mounted onto a stand.
6.2. Once the magnetic beads form a cluster, begin pumping liquids into the tube at a feed rate of 2 milliliters per hour such that the magnetic bead cluster is moved from the test chamber, across the air gap, and into the surfactant reservoir chamber [6.2.1 – LM].
6.2.1. Microscope_Movie_6.2.1:  Microscope movie as talent begin pumping liquids in the tube at the feed rate of 2 milliliters per hour such that the magnetic bead cluster is moved from the test chamber, across the air gap, and into the surfactant reservoir chamber.  Editors, please speed up this movie to fit the narration if necessary.
6.3. When the magnetic bead cluster reaches the midpoint of the reservoir chamber, stop the pumping on the syringe pump [6.3.1 – MED-over the shoulder].  Move the cube magnet away from the tube for magnetic beads to separate and reduce the diffusion time of the liquid trapped in the magnetic bead cluster [6.3.2 – CU].
6.3.1. Talent stops the pumping of the syringe pump.
6.3.2. Cube magnet as talent moves away from the tube.
6.4. Once the diffusion and phase change of the liquid is completed, place the magnet back to its former destination by the reservoir so the magnetic beads form into a cluster [6.4.1 – LM].
6.4.1. Microscope_Movie_6.4.1:  Microscope movie as talent places the magnet back to its former destination by the reservoir and the magnetic beads form into a cluster.  Editors, please speed up this movie to fit the narration if necessary.
6.5. Using the syringe pump, withdraw the liquids such that the magnetic bead cluster is transferred from the surfactant reservoir, across the air gap, and back into the test chamber [6.5.1 – LM].
6.5.1. Microscope_Movie_6.5.1:  Microscope movie as talent withdraws the liquids such that the magnetic bead cluster is transferred from the surfactant reservoir, across the air gap, and back into the water test chamber.  Editors, please speed up the video to correlate with the narration.
6.6. After the magnetic bead cluster reaches the midpoint of the test chamber, stop the syringe pump [6.6.1 – MED-over the shoulder].
6.6.1. Film as written.
6.7. Move the cube magnet away from the tube [6.7.1 – CU].  Once the diffusion and phase change of the liquid is completed, place the magnet back to its former destination by the reservoir so the magnetic beads form into a cluster.  Repeat these steps until the test chamber displays a phase change [6.7.2 – MED]. 
6.7.1. Cube magnet as talent moves away from the tube.
6.7.2. Talent moves the magnet next to the reservoir and continues with the cycling process.
7. Results: Microfluidic Liquid Carry-Over Using Magnetic Beads
Authors, I had to shorten this to fit our 200 word limit for the results in the video.
7.1. Shown here is an image of the magnetic beads, water and C12E5 inside of the hydrophobic tubing [7.1.1 – LM].
7.1.1. Figure 3.1.png  
7.2. During the initial magnetic bead transfer process, the beads are held into place using an external cube magnet while the liquids are pumped to the left.  Here, the beads are exiting the test chamber and entering into the C12E5 [7.2.1 – LM].
7.2.1. Figure 3.3.png  
7.3. Once the magnetic beads enter the surfactant, water begins to diffuse away from the magnetic bead structure [7.3.1 – LM].
7.3.1. Figure 3.4.png  
7.4. After the magnetic beads have been in the surfactant chamber for 5 seconds, only a small amount of phase change is seen [7.4.1 – LM].
7.4.1. Figure 3.5.png  
7.5. At the 10 second mark, the magnetic beads are completely engulfed in the surfactant [7.5.1 – LM].  The phase change continues through the 90 second mark [7.5.2 – LM].
7.5.1. Figure 3.6.png  
7.5.2. Figure 3.7.png, Figure 3.8.png, Figure 3.9.png.  Editors, please sequentially show these images.     
7.6. At 4 minutes, the phase change increases [7.6.1 – LM].  At 9 minutes, the horizontal phase change begins to reduce while the structure grows vertically [7.6.2 – LM], whereas at 17 minutes, the phase change has drastically shrunk in size [7.6.3 – LM].  At 25 minutes, only a small amount of phase change remains [7.6.4 – LM].  
7.6.1. Figure 4.2.png  
7.6.2. Figure 4.3.png  
7.6.3. Figure 4.4.png  
7.6.4. Figure 4.5.png  
7.7. Shown here is the initial condition of a water/C12E5 test chamber with magnetic beads in the device, before surfactant was transferred [7.7.1 – LM].  After 6 round-trip transfers, a phase change occurred [7.7.2 – LM].
7.7.1. Figure 5.1.png  
7.7.2. Figure 5.2.png  
7.8. Conversely, with no magnetic beads in the device [7.8.1 – LM], no phase change was seen, proving that the observed results were due to magnetic bead carry-over rather than liquids sticking to the inner walls of the tubing [7.8.2 – LM].
7.8.1. Figure 5.3.png  
7.8.2. Figure 5.4.png  

8. Conclusion (said by authors on camera)
8.1. Nick: While attempting this procedure, it’s important to remember to have enough time for the diffusion process to take place when transferring liquids between the adjacent reservoirs [8.1.1 – MED].  
8.1.1. Nick speaks toward the camera, interview style.
8.2. Daewoo: Following this procedure, other options like using an electromagnet for agitation can be incorporated into our system, in order to answer additional questions like how to speed up the diffusion process and how to minimize the amount of manual manipulation [8.2.1 – MED].
8.2.1. Daewoo speaks toward the camera, interview style.
8.3. Dr. Steckl: After its development, this technique paved the way for researchers in the field of microfluidics to explore multi-component phase diagram, infectious disease diagnosis and protein separation [8.3.1 – MED].
8.3.1. Dr. Steckl 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.
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Microscope Movies:
Microscope_Movie_4.2.2:  Microscope movie as the beads are transferred to the reservoir.  
Microscope_Movie_4.4.2:  Microscope movie as the beads are transferred from a cluster to the reservoir.  
Microscope_Movie_4.6.1:  Microscope movie as talent takes fluorescence intensity measurements of both the test chamber and reservoir.  
Microscope_Movie_5.3.1:  Microscope movie as talent moves the syringe pump with tubing so that the test chamber with magnetic beads is in focus with the stereo microscope.
Microscope_Movie_6.2.1:  Microscope movie as talent begin pumping liquids in the tube at the feed rate of 2 milliliters per hour such that the magnetic bead cluster is moved from the test chamber, across the air gap, and into the surfactant reservoir chamber.  
Microscope_Movie_6.4.1:  Microscope movie as talent places the magnet back to its former destination by the reservoir and the magnetic beads form into a cluster.  
Microscope_Movie_6.5.1:  Microscope movie as talent withdraws the liquids such that the magnetic bead cluster is transferred from the surfactant reservoir, across the air gap, and back into the water test chamber.  


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.
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