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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: _____________________________________________
B.  Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) _Y_ 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
_4.2, 4.4, 5.4, 6.3, 6.7_
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 6.3_
E.  Will the filming need to take place in multiple locations? (Y/N) _Y_ If yes, how far apart are the locations? _about 500 meter (within 1 min by car)_


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 experiment is to monitor particles in two dimensions, both parallel and orthogonal to the symmetric axis of a plasmonic nanohole structure and to quantitatively estimate the maximum trapping force of the system. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Jung-Dae Kim: This method can help answer key questions in the life sciences, relating to rapid immunoassay development, cell and bacteria trapping, micelle and liposome analysis, and nanoparticle drug release studies.
1.2. Yong-Gu Lee: The main advantage of this technique is that allows monitoring of the particle motions in two dimensions, one in the laser beam axis and the other in the direction orthogonal to it.


Protocol (read by voice talent at JoVE):
2. Manufacturing the PDMS Microchannel
2.1. To begin, fabricate the microchannel mold using standard photolithographic techniques and place the wafer into a 150 mm diameter Petri dish. [1-MED] Then, mix 10 parts PDMS base with 1 part curing agent and stir the mixture for 2 minutes. [2-CU]
2.1.1. Talent picks up wafer and places it into a petri dish. (2.1.1.A, 2.1.1 – extra angle, 2.1.1.B – Wide) Editor – use whichever looks best
2.1.2. *Film as written (2.1.2.A, 2.1.2.B) Editor – use whichever looks best
2.2. Once combined, pour 100 mL of the PDMS mixture over the wafer. [1-CU] Place the Petri dish into a vacuum chamber and pull a vacuum to remove any bubbles from the PDMS. [2-MED]
2.2.1. *Film as written (MCU)
2.2.2. *Film as written (slated incorrectly as 2.2.1)
2.3. Next, place the Petri dish in an oven for 2 hours at 80°C to solidify the PDMS solution.  [1-MED] Once cool, remove the dish from the oven and cut along the contours of the PDMS microchannel with a razor blade and detach it from the wafer. [2-CU]
2.3.1. Talent sets dish in oven preheated to 80C and sets timer for 2 hours.
2.3.2. Talent cuts along the contours of the device with a razor.
2.4. Then, use a 1.5 mm biopsy punch to form 1.5 mm inlet and outlet holes at each end of the PDMS microchannel. [1-CU] Use a 0.3 mm punch to form a hole for the single mode optical fiber cable at the center of the microchannel. [2-CU]
2.4.1. *Film as written (ECU)
2.4.2. *Film as written
3. Etching a Nanohole into a Gold Plate
3.1. Start by cleaning a commercially available gold plate as described in the accompanying text protocol. [1-MED-TXT] Then, place the plate onto a spincoater and pour 0.5 mL of hexamethyldisilazane onto the gold plate. Spin coat the plate for 40 seconds at 3,000 rpms. [2-MED]
3.1.1. Talent takes out new plate and holds it up to camera.(TEXT: Gold Plate: 25 x 6.25 mm2)
3.1.2. Talent places plate on spincoater, adds HMDS, and spin-coats the sample. (O/S), (3.1.2.A – CU) Editor – use whichever looks best
3.2. Next, pour 0.5 mL of a positive photoresist on top of the spin-coated hexamethyldisilazane and spin coat the plate for an additional 40 seconds at 3,000 rpm. [1-MED]
3.2.1. *Film as written (ECU)
3.3. Remove the plate from the spincoater and place it on a hot plate for 90 seconds at 110°C to soft bake the photoresist. [1-MED]
3.3.1. *Film as written (O/S)
3.4. Then, use scotch tape to fix the film mask on the glass wafer and place the soft-baked gold plate on the substrate stage. [1-CU] Expose the sample to UV light for four and a half seconds to dissolve the photoresist and create a gold rectangle that is 400 microns long by 150 microns wide. [2-CU-TXT]
3.4.1. *Film as written
3.4.2. Talent places sample under UV light and turns on the light to expose the sample. (TEXT: UV Intensity: 64 mJ/cm2) (O/S) (3.4.2.A – Wide: Gold plate put on the substrate stage) Editor – use 3.4.2 A at end of 3.4 if possible.
3.5. Next, immerse the gold plate in the photoresist developer for 1 minute to remove the dissolved photoresist. [1-CU] Then, rinse the gold plate with deionized water and dry it using nitrogen gas. [2-MED]
3.5.1. *Film as written
3.5.2. *Film as written
3.6. Immerse the gold plate in the gold etchant for 45 seconds to remove the exposed gold layer. [1-CU-TXT] Then, rinse the gold plate with deionized water and dry it again using nitrogen gas. [2-MED]
3.6.1. *Film as written (TEXT: Au Etch Rate: 28 Å/s)
3.6.2. *Film as written
3.7. Next, immerse the plate in the titanium etchant for 5 seconds to remove the exposed titanium. [1-CU-TXT] Then, once more rinse the gold plate with deionized water and dry it with nitrogen gas. [2-MED]
3.7.1. *Film as written (TEXT: Ti Etch Rate: 25 Å/s)
3.7.2. *Film as written
3.8. Remove the remaining photoresist on the gold plate by immersing it sequentially in acetone, methanol, and finally deionized water for 3 minutes each.[1-MED-TXT]
3.8.1. Talent transfers the gold plate from one container to the next after a short pause in each solution. (TEXT: Rinse for 3 min. per solution) (O/S)
3.9. Rinse the plate 3 times with deionized water for 10 seconds each and then dry the plate once more with nitrogen gas. [1-MED] Next, place the plate on a hot plate for 3 minutes at 120°C to completely remove any remaining moisture. [2-CU]
3.9.1. Talent rinses the plate once with DI water and then dries it.
3.9.2. *Film as written
3.10. Using a focused ion beam, mill a 400-nm nanohole at the center of the fabricated gold block as described in the accompanying text protocol. [1-LM]
3.10.1. Figure 2h-i (Video Editor: Show these two as a static image.)
4. Microchip Assembly
4.1. Place both the PDMS microchannel and the gold plate into a plasma chamber. [1-MED] Treat the contacting surfaces for 1 min using oxygen plasma. [2-CU-TXT]
4.1.1. Talent places sample in chamber
4.1.2. Sample being treated with plasma. Show “glow”.(TEXT: 80 W, 825 mTorr)
4.2. Fix the gold plate on the substrate stage of the aligner. [1-CU] Then, use the camera on the aligner to locate the centers of the SMF cable hole and the hole in the gold block so that they are aligned on the same axis. [2-SCOPE]Lift the manual stage to combine the two parts. [3-CU]
4.2.1. *Film as written
4.2.2. Talent aligns the two pieces using the microscope. (Scope is not possible.), (4.2.2.A. – CU)
4.2.3. *Film as written
4.3. Next, pour 2 mL of a mixed PDMS solution into a Petri dish and spin coat the dish for 30 seconds at 1,000 rpms. [1-MED]
4.3.1. With the petri dish on the spincoater, add the PDMS and turn on the spincoater. (4.3.1.A. – PDMS pouring)
4.4. Then, take the cut out microchip and place the surface that is going to be located on the microscope into the PDMS that is on the Petri dish. [1-CU] Place the Petri dish in the oven for 1 h at 80°C to solidify the PDMS solution. [2-MED]
4.4.1. *Film as written
4.4.2. Talent places dish in preheated oven and sets timer as described.
4.5. Once cooled, cut the border of the microchip and PDMS using a razor blade and subsequently detach it from the Petri dish. [1-CU]
4.5.1. *Film as written
5. Laser Coupling and Insertion of the SMF Cable to the Microchip
5.1. First, connect a 40X objective lens to the microscope objective mount on the single mode optical fiber cable coupler. [1-CU] Next, fix the single mode optical fiber cable on the fiber clamp of the cable coupler. [2-CU]
5.1.1. *Film as written (5.1.1.A. – Wide)
5.1.2. *Film as written
5.2. Align the incident laser beam to fill in the back aperture of the objective lens. [1-ECU] Then, focus the laser beam to the core of the cable by adjusting the three-axis manual stage equipped on the coupler. [2-CU]
5.2.1. *Film as written (slated as wrong number, please switch 5.2.1 and 5.2.2)
5.2.2. *Film as written
5.3. Measure the laser power prior to the insertion at the edge of the fiber cable, because the fixed fiber cable at the microchip cannot be detached. [1-MED Over the Shoulder] Then, insert the opposite end of the cable into the cable hole of the microchip. [2-CU]
5.3.1. Talent measures the laser power. (5.3.1.A)
5.3.2. *Film as written
5.4. Manually align the fiber cable using visual feedback [1-MED Over the Shoulder] so that it is perpendicular to the gold block that hosts the nanohole. The end of the inserted fiber cable should not enter the microchannel so that it does not block the fluid flow. [2-ECU]
5.4.1. *Film as written
5.4.2. Show the cable being manipulated into place.
5.5. Finally, seal the cable hole using epoxy glue to block the leakage of the flowing particle solution from the 87.5 µm gap between the cable hole and the cladding of the optical fiber cable. [1-CU]
5.5.1. Talent seals the hole with epoxy. (5.5.1.A)
6. Plasmonic Trapping of Single Fluorescent Polystyrene Particles
6.1. Attach a syringe containing a solution of 100 nm diameter polystyrene particles to a syringe micropump. [1-MED] [2-CU]
6.1.1. *Film as written
6.1.2. *Film as written deleted at author’s request
6.2. Next, connect tubes to the inlet and outlet holes of the microchip. [1-CU] [2-CU]
6.2.1. *Film as written (ECU)
6.2.2. *Film as written deleted at author’s request
6.3. Using the microscope’s camera, observe the inside of the channel. [1-MED Over the Shoulder] Use transparent tape to fix the microchip in place once it is positioned correctly. [2-CU] Then, connect the inlet tube of the microchip to the syringe needle.[3-CU]
6.3.1. Talent looks through microscope at the channel. deleted at author’s request
6.3.2. *Film as written deleted at author’s request
6.3.3. *Film as written
6.4. Once connected, set the syringe pump to 20 µm/s and inject the particle solution into the microchip. [1-CU-TXT]
6.4.1. Talent sets flow rate and turns on pump. (TEXT: Flow Rate: 90 nL/sec) (O/S)
6.5. Next, turn on the fluorescent lamp and confirm that the fluorescent particle can be observed in the channel. When the particle solution exits the outlet of the microchip, [1-SCOPE] reduce the pump speed to 3.4 µm/s. [2-CU-TXT]
6.5.1. Show the fluorescent particles flowing to the exit of the outlet. (6.5.1.A) – MIGHT be lab media. Authors unclear
6.5.2. Talent adjusts flow rate on pump. (TEXT: Flow Rate: 15.3 nL/sec)
6.6. Then, turn on the laser source so that it emits the laser into the nanohole. [1-MED-TXT] This will trap the fluorescent particle at the rim of the nanohole. [2-LM]
6.6.1. *Film as written (TEXT: Laser wavelength: 1064 nm)
6.6.2. Microscope view of trapped particle. Authors/Videographer: If not able to get a good shot, please provide a figure with this same view. Will be lab media now?
6.7. Finally, ramp the fluid speed in increments of 0.4 µm/s by controlling the micropump [1-CU] until the trapped particle escapes. Use this information to obtain the maximal trapping force for each laser intensity. [2-LM]
6.7.1. Talent adjusts speed as described.
6.7.2. Microscope view of trapped particle being released. Will be lab media now?
7. Results: Trapping and Releasing of Fluorescent Polystyrene Particles
7.1. Shown here is an enlarged version of the microchannel setup, showing the alignment of the parts and the location of the nanohole. [1-LM]
7.1.1. Figure 3e (Video Editor: Show CAD Drawing of channel only. With the words “location of the nanohole” point out the center of the rectangle that is in the middle of the channel.)
7.2. As 100 nm fluorescent polystyrene particles flow through the microchannel, they become trapped by the laser at the nanohole. [1-LM]
7.2.1. Figure 7a-b (Video Editor: Show Figure 7a on the left and 7b on the right. Highlight the flowing particle in Figure 7a with the first half of the sentence and the “trapped particle” in 7b with the 2nd half.)
7.3. Untrapped particles are also shown as they flow past the nanohole while the trapped particle stays in position. [1-LM]
7.3.1. Figure 7b-c (Video Editor: Show figure 7b on the left and 7c on the right. Highlight the “Flowing particle” in Figure 7b and then in Figure 7c. Make the transition with the words “flow past”.)
7.4. Once the flow speed was increased, the trapped particle was able to escape. [1-LM]
7.4.1. Figure 7c-d (Video Editor: Show 7c on the left and 7d on the right. Circle the trapped particle in Figure 7c at the start and then the escaped particle in Figure 7d with the word “increased

8. Conclusion (said by authors on camera)

8.1. Jung-Dae Kim: After several practices, the procedures can be done within about 14 hours if it is performed properly.
8.2. Jung-Dae Kim: While attempting this procedure, it’s important to improve the microchip’s side surface roughness of the PDMS coating.
8.3. Yong-Gu Lee: After watching this video, you should have a good understanding of how to monitor the particles in both parallel and orthogonal directions to the symmetric axis of a plasmonic nanohole structure.

[bookmark: _GoBack]

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.


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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